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In the Northwest Cascades, results from previous workers show the Easton 
Metamorphic Suite contains an inverted metamorphic sequence with ultramafic rocks 
underlain by amphibolite and high-temperature blueschist that are juxtaposed above 
high-pressure low-temperature Shuksan Greenschist and Darrington Phyllite. In this 
study, amphibole and white mica 40Ar/39Ar geochronology is combined with cation 
exchange thermometry to constrain the temperature-time-deformation history of the 
suite. Amphibolite facies fabrics record two deformation events at 10 kbar. The oldest 
fabric formed at ~760 C̊ prior to 167.4 Ma (2σ). A second fabric formed at ~590 ̊C prior 
to 164.4 Ma. Na-amphibole schist associated with the amphibolite crystallized at ~530 ̊C 
and yields a white mica cooling age of 165.3 Ma. A blueschist overprint on amphibolite 
occurred at 162.5 ± 0.9 Ma. Post-tectonic mica in metasomatized amphibolite 
crystallized at 160.1 Ma at ~350 ̊C. Assemblages in the S2 fabric of Shuksan 
Greenschist and Darrington Phyllite crystallized at ~325 ̊C at 7 kbar, and white mica 
ages span 148-136 Ma. Results demonstrate subduction began prior to 167 Ma, as 
recorded by amphibolite facies metamorphism of mafic protoliths underthrust beneath 
ultramafic rocks. Subduction initiation was followed by cooling of amphibolite below 
~500˚C by 167 Ma, and formation of high-temperature blueschist by 165 Ma. Early high-
grade rocks were exhumed from ~10 to ~7 kbar and retrograded to blueschist between 
~162 and 160 Ma. Temperature decreased to ≤350 ̊C by ~162 Ma and stayed 
approximately constant from 148-136 Ma during underthrusting and exhumation of 
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Subduction complexes exhumed in orogenic belts provide an unparalleled
opportunity for studies of the tectonic and metamorphic processes that occur during the 
formation of a convergent continental margin. Typically, early subduction metamorphism 
is marked by the production of high-temperature mineral assemblages that become 
overprinted by progressively lower-temperature assemblages through a reduction of 
geothermal gradients with progressive underthrusting of cold ocean lithosphere (e.g., 
Ernst, 1973; Platt, 1975; Cloos, 1985; Gerya, 2011; Ukar et al., 2012; Agard et al., 
2016). This process commonly leads to recrystallization of early minerals and 
overprinting of early structures, obscuring evidence of tectonic processes along 
convergent margins (e.g., Cloos, 1985; Ernst, 1988; Wakabayashi, 1992; Shervais and 
Choi, 2012). Studying the metamorphic and deformation processes that create and 
exhume subduction complexes is necessary to understand the kinematics, structure, 
and geologic history of past and present convergent plate margins.  
Along the western North American margin, blueschist and eclogite facies rocks 
record ~200 Ma of subduction, terrane accretion, and subsequent deformation (Brown 
and Blake, 1987; Anczkiewicz et al., 2004; Dumitru et al., 2010; Ernst, 2015). 
Understanding the metamorphic and deformation history of these high-pressure low-
temperature (HP/LT) terranes is critical to reconstructing the assembly of western North 
America and subduction zone temperature-time-deformation evolution. Major questions 
remain, however, about the timing of initiation of subduction beneath western North 
America, the timing of terrane exhumation, and the structures that accommodated 




Much of the geochronological data from western North American HP/LT terranes 
has been obtained from the Franciscan subduction complex, in California (Fig. 1A), 
which is often considered the type subduction-accretion complex. Ages from the 
Franciscan constrains subduction initiation between 175 and 155 Ma, with subsequent 
continuous subduction metamorphism until ~80 Ma (Anczkiewicz et al., 2004; 
Wakabayashi and Dumitru, 2007; Ukar et al., 2012; Ernst, 2015). Uncertainty in the 
timing of subduction initiation is due to uncertainty over which lithologies represent the 
initiation of subduction metamorphism, amphibolite or eclogite and blueschist, and the 
fact that the earliest high-grade rocks occur in lower-grade mélange, with unclear 
relations to structural and tectonic processes along the margin (Wakabayashi, 1992; 
Ukar et al., 2012). Additionally, many subduction-related structures within the 
Franciscan are obscured by deformation related to the modern dextral San Andreas 
Fault system.  
The Easton Metamorphic Suite is a subduction complex within the Northwest 
Cascade thrust System (NWCS; Fig. 1, A and B), a series of stacked thrust nappes 
extending from the western Cascades into the San Juan Islands (Brown, 1987, Brown, 
2012). The suite has been interpreted to record the initiation of subduction beneath 
North America, and subsequent lower-grade blueschist metamorphism (Brown et al., 
1982). The Easton Suite also records exhumation, and later post-metamorphic dextral 
strike-slip motion northward along the continental margin (Haugerud et al., 1981; Brown, 
1986). In contrast to the Franciscan complex, the Easton Suite has little published age 




sampled from unspecified metamorphic fabrics, which made it difficult to establish the 
Temperature-time-Deformation (T-t-D) history with confidence.  
A unique feature of the Easton Suite is that it preserves rocks spanning the 
subduction history, including an inferred primary thrust contact between hanging wall 
ultramafic rocks and footwall amphibolite, with coherent structures that can be related to 
tectonic processes occurring along the margin and within the subduction zone through 
time (e.g., Haugerud et al., 1981, Brown, 1987). The model proposed by Brown et al. 
(1982) for the origin of the suite invokes successive accretion of rock units to the 
hanging wall of the overriding plate. I use new petrographic, petrologic, temperature, 
and age data to evaluate this model, and the tectonic processes that occurred along the 
plate interface and within the structural stack of rock units during subduction and 
accretion. My new data suggest subduction initiated in the Middle Jurassic with the 
production of amphibolite under an initially high and rapidly declining geothermal 
gradient. High-grade blueschists and amphibolites produced early in the subduction 
process were metasomatized, apparently by interaction with hot ultramafic rock. 
Afterward, they were partly exhumed and retrograded to lower-T blueschist facies. 
Exhumation of the entire suite initiated in the Early Cretaceous, during regional 
blueschist metamorphism. After a discussion of the tectonic history of the suite, 
comparisons to other subduction zones and implications for the Jurassic/Cretaceous 






2. THE EASTON METAMORPHIC SUITE 
2.1. Regional Geology 
The Easton Metamorphic Suite (formerly Shuksan Metamorphic Suite, or 
Shuksan Terrane; Misch, 1966; Brown, 1986) occurs near the structural top of the 
NWCS, a regional stack of northwest-vergent nappes thrust above a footwall composed 
of Wrangellia and the Coast Plutonic Complex (Fig. 1B) (Brown, 2012). Individual 
nappes in the NWCS consist of Paleozoic to Late Cretaceous ocean floor and island arc 
rocks that experienced HP/LT metamorphism, and a Jurassic ophiolite (Brown, 1987). 
The Easton Suite was emplaced in its current setting after 95 Ma but before 87 Ma, 
based on age brackets for the underlying thrust (Tabor, 1994; Brown, 2012).  
Protoliths of the Easton Suite are of MORB affinity, with associated island arc 
volcanic and plutonic rocks, marine sedimentary rocks, and ultramafic rock entrained 
from the overriding plate (Brown et al., 1982; Dungan et al., 1983; Gallagher et al., 
1988). The Easton Suite is interpreted as an inverted metamorphic sequence of ocean 
floor stratigraphy (Haugerud, et al., 1981; Brown, et al., 1982). Using the terminology of 
Brown et al. (1982), serpentinized ultramafic rocks are structurally underlain by 
amphibolite and albite-actinolite tremolite-bearing rocks, that are in turn underlain by 
Na-amphibole schist, then greenschist/blueschist facies metabasites (Shuksan 
Greenschist) and metapelites (Darrington Phyllite) (Misch, 1966; Haugerud et al., 1981; 
Brown et al., 1982; Dungan et al., 1983) (Fig 1C). Also included within the metapelites 




Protolith ages have not been determined within the study area, however 
elsewhere in the suite they are constrained by U-Pb zircon ages (Figure 1C). 
Metamorphosed quartz diorite, which is in premetamorphic fault contact with the 
western portion of the Darrington Phyllite, is 163 ± 4 Ma (2σ) (Gallagher et al., 1988; 
Brown and Gehrels, 2007). Dragovich, et al., 1998, report 164 ± 0.2 Ma (2σ) igneous 
zircons in greenschist west of the study area tentatively correlated to the Shuksan 
Greenschist. Brown and Gehrels (2007) observed a 155 Ma age peak within detrital 
zircons from a metagraywacke member of the Darrington Phyllite north of the Skagit 
River. Protolith ages for amphibolite and Na-amphibole schist are unknown.  
The study area includes the region from Iron Mountain east to Finney Creek 
(Figures 2-4), where each rock unit in the Easton Metamorphic Suite is exposed. In the 
Iron Mountain area (Fig. 2), amphibolite has a gradational basal contact with Na-
amphibole schist, and at its base the Na-amphibole schist is in inferred tectonic contact 
with the Shuksan Greenschist (Fig. 2). These contact relations are interpreted to 
indicate amphibolite was juxtaposed with and overprinted by Na-amphibole schist under 
high-T conditions, and the Shuksan Greenschist was juxtaposed with Na-amphibole 
schist along a tectonic contact developed under lower-T conditions (Brown, et al., 
1982). From Gee Point east to Finney Creek the Shuksan Greenschist and Darrington 
Phyllite share a contact that Haugerud and others (1981) previously interpreted to be 
pre-metamorphic and depositional (Fig. 3). Garnet amphibolite, which was partially 
metasomatized into tremolite-hornblende-white mica schist and albite-actinolite rocks, is 
in tectonic contact with serpentinized ultramafic rock west of Gee Point (Fig. 4) (Brown 




Metamorphic fabrics and structures within the Easton Suite consist of foliations, 
lineations, and folds developed during subduction, followed by exhumation, and 
subsequent dextral translation along the plate boundary (Haugerud et al., 1981; Brown 
et al., 1982; Brown, 1987). Within the Shuksan Greenschist and Darrington Phyllite, a 
prominent early foliation, S1, is defined by compositional layering and is isoclinally 
folded by F2 folds at a thin section to regional scale, with variably developed axial planar 
S2 cleavage (Haugerud et al., 1981). Within high-grade rocks, which are amphibolite, 
tremolite-bearing and albite-actinolite rocks, and Na-amphibole schist, up to three 
metamorphic fabrics are recognized, as described in the following section. 
2.2. Lithologic Units and Structural Fabrics 
Each metamorphic and deformation event, and corresponding foliation 
recognized within the Easton Metamorphic Suite, is herein named with a letter (M= 
metamorphism, D= deformation, F=folding, or S= foliation), followed by a number in 
subscript for the generation, and a superscript letter indicating the rock type: A= 
amphibolite and associated quartz or mica schist, T= tremolite-hornblende-white mica 
schist, N= Na-amphibole schist, G= Shuksan Greenschist/blueschist, P= Darrington 
Phyllite. For example, S2N represents the second generation of foliation apparent in Na-
amphibole schist. Following a discussion of geochronology, metamorphic and 
deformation events will be correlated.  
2.2.1. Amphibolite 
Garnet amphibolite crops out west of Gee Point in association with coarse mica 




The protolith is interpreted to be mafic volcanic rocks with a minor sedimentary 
component. Amphibolite is partially broken into blocks near serpentinite and surrounded 
by tremolite-hornblende-white mica schist (e.g., Fig. 5A), interpreted by Brown et al. 
(1982) as metasomatized amphibolite. The foliations within amphibolite and 
metasomatic rocks are locally parallel, but the metasomatic rock is sheared, folded, and 
deflected around the amphibolite (e.g., Fig. 5A). Retrograde minerals and metasomatic 
blackwall-type rock are developed at the contact zone, described in detail in section 
2.2.2 (Brown et al., 1982; Sorensen and Grossman, 1993). Amphibolites are dominated 
either by coarse brown amphibole or finer crystals of green amphibole, with garnet, and 
range in texture from poorly foliated to schistose or gneissic (Fig. 6, A and B).  
Coarse quartzose and muscovite-rich schists are interlayered with garnet 
amphibolite. The fabric in this unit is deflected around microlithons dominated by quartz, 
and is defined by white mica, stilpnomelane, chlorite, garnet, titanite, and oxides. A 
sedimentary or pyroclastic protolith is inferred from the abundance of quartz and mica. 
A high metamorphic grade is inferred from the coarse grain size and its occurrence 
interbedded with amphibolites.  
Amphibolites and associated rocks have been variably retrograded to blueschist 
and greenschist (e.g., Fig. 6C); a typical early assemblage consists of hornblende, 
garnet, rutile, with or without albite, zoisite, and apatite. The retrograde assemblage is 
sodic amphibole, albite, quartz, chlorite, epidote, white mica, and titanite (Table 1). 
Zoning relationships include blue and green amphibole rims on brown cores, rutile 
rimmed by titanite, and garnets rimmed and replaced by chlorite and titanite, with lesser 




subducting slab and the mantle wedge during the initiation of subduction (Brown, et al., 
1982). 
Within the amphibolites, three metamorphic fabrics are recognized. The aligned 
c-axes of coarse amphiboles define the earliest foliation, S1A, which is cut at a high 
angle by a crenulation foliation, S2A, defined by aligned amphiboles and oxides (Fig. 
6B). The latest S3A foliation is defined by retrograde blueschist minerals, dominantly 
white mica, chlorite, titanite, and glaucophane that encased and replaced earlier 
hornblende and garnet (Fig. 6C). In rocks lacking an S3A foliation, retrograde minerals 
are observed in strain shadows, mm-scale veins, overgrowing older foliations, and 
mantling coarse amphibole and garnet (Fig. 6A). I assign metamorphic fabrics within 
quartzose and micaceous schists the same nomenclature as amphibolites because the 
two units are observed to be interlayered (Brown, et al., 1982).  
Garnet amphibolite samples FC-80B and 83 were collected for their well-
preserved garnet-hornblende assemblages, to date the earliest phases of subduction 
metamorphism. Sample FC-68 was collected for the abundance of coarse retrograde 
white mica in a fabric overprinting early garnet and hornblende, to constrain the timing 
of retrogression of amphibolites. No mica or quartz schists were selected for dating in 
this study due to the inability to separate the two white mica populations.   
2.2.2. Albite-Actinolite and Tremolite-bearing rocks 
Albite-actinolite and tremolite-bearing rocks of inferred metasomatic origin crop 
out west of Gee Point near contacts with serpentinite (Fig. 4) (Brown, et al., 1982). 




actinolite. Additionally, subordinate tremolite-hornblende-white mica schist occurs 
around the margins of amphibolite and associated rocks near serpentinite, locally 
forming a matrix around the amphibolite blocks (e.g., Figures 5A and 6D). The tremolite-
bearing schist is interpreted to be derived from metasomatized amphibolite based on 
the presence of hornblende. Nearly monomineralic bands and pods of garnet, calcic 
amphibole, omphacite, and talc are also reported in the zone of metasomatic rocks 
(Brown et al., 1982; Sorensen and Grossman, 1993). The mineralogy of metasomatic 
rocks is interpreted to result from fluid interaction with mafic and ultramafic rocks during 
metamorphism and deformation (Brown et al., 1982; Sorensen and Grossman, 1993). 
In the tremolite-hornblende-white mica schist sampled for this study, only one 
foliation is recognized. The S1T foliation is defined by a roughly aligned matrix of white 
mica, albite, epidote, actinolite, and accessory calcite (Fig. 6D). Tremolite and 
hornblende porphyroblasts are up to 10 mm in length (Fig. 6D). Pods of actinolite on the 
order of a few centimeters wide are enveloped by the foliation. Sodic amphibole 
appears to be absent, except on the rims of coarse amphiboles in samples near the 
contact with Na-amphibole schist. Post-tectonic 1-4 mm white mica and chlorite 
overgrow the S1T foliation (Fig. 6D). 
Tremolite-hornblende-white mica schist sample FC-84 was selected for 
microprobe analysis and dating, due to its abundance of coarse hornblende that 
crystallized alongside tremolite, and coarse post-tectonic white mica. Hornblende was 
dated to determine the timing of metasomatism, and white mica was dated to constrain 





2.2.3. Na-Amphibole Schist 
Na-amphibole schist occurs structurally between amphibolite and regional 
Shuksan blueschist/greenschist, as high-temperature blueschist metabasites without 
relict phases, or as a later retrograde assemblage overprinting amphibolite and early 
high-temperature blueschist (Figures 2 and 3). Na-amphibole schist ranges from 
schistose to gneissic, and is composed dominantly of coarse sodic amphibole and white 
mica with variable amounts of epidote, chlorite, titanite, rutile, zoisite, albite, and quartz 
(Fig. 6E, Table 1). Common rock types include coarse glaucophane-white mica-epidote 
blueschists and quartz-white mica-glaucophane blueschists. Hornblende is locally 
encased in sodic amphibole, and is interpreted as a relict amphibolite assemblage (e.g., 
Fig. 6F). In the area east of Iron Mountain Na-amphibole schist crops out as tectonic 
blocks in serpentinite-white mica-chlorite matrix (Fig. 2) (Brown et al., 1982).  
Two foliations are recognized within the Na-amphibole schist. The first, S1N, is 
characterized by abundant coarse sodic amphibole, white mica, and compositional 
layering developed during M1N (Figures 5B and 6E). A later foliation, S2N, is axial planar 
to F2N tight to isoclinal folds. The S2N fabric is defined by blue and purple sodic 
amphibole partially recrystallized to a matrix of white mica, epidote, albite, and titanite at 
a high angle to the earlier foliation (Fig. 6F). Microlithons of aligned white mica and 
chlorite are preserved in the hinges of crenulations (Fig. 6F). Rutile is mantled by 
titanite, and garnets are variably recrystallized to chlorite and titanite, most thoroughly in 
S2N dominated rocks. Amphiboles are commonly fractured and partially replaced by 
chlorite and actinolite (Fig. 6F). Lawsonite is a common accessory phase. Garnet in 




inclusions in the cores and inclusion-free rims. Garnet overgrows the S1N fabric, 
although the foliation is locally deflected around garnets. This relationship indicates 
garnet growth pre- or syn- S1N and post- S1N.  
Na-amphibole schist samples FC-82 and 90 were collected for their abundance 
of coarse white mica in each of the two fabrics observed in Na-amphibole schists, and 
were used to determine the timing and conditions of early high-temperature blueschist 
metamorphism, and subsequent retrogression. 
2.2.4. Shuksan Greenschist  
The Shuksan Greenschist, composed of interlayered greenschist and blueschist 
metabasites, is locally abundant in the Easton Metamorphic Suite (Figures 2-3). Rocks 
within the Shuksan Greenschist are generally fine-grained, with porphyroblasts of albite, 
amphibole, and epidote, in a matrix of white mica, epidote, albite, oxides, and fine 
amphibole (Fig. 7 A-D, Table 1). Titanite is abundant, and calcite is an accessory 
phase. Blueschists consist of the same mineralogy as the greenschist except 
amphiboles are sodic instead of calcic, and some amphiboles have barroisite cores with 
glaucophane rims (Brown, et al., 1982). The interlayering of blueschist and greenschist 
within the Shuksan has been attributed to differences in protolith composition, not 
differences in metamorphic grade (Haugerud et al., 1981; Dungan et al., 1983). A 
predominant schistose foliation (S1G) formed during M1G is defined by compositional 
layering and aligned mica and amphibole (Haugerud, et al., 1981) (Figures 5C and 7A). 
The S1G fabric is typically folded (Fig. 5C), and an axial planar S2G foliation is variably 
developed, defined by the orientation of actinolite, muscovite, titanite, chlorite, epidote, 




steeply inclined, tight to isoclinal, and are dominantly angular and similar, like F2 folds in 
phyllite and Na-amphibole schist (Fig. 8). Within F2G fold hinges amphiboles show sodic 
cores and calcic rims (Haugerud et al., 1981), and on fold limbs the S1G fabric is cross-
cut by S2G.  
The Shuksan Greenschist was sampled to determine the mineral assemblages, 
timing, and conditions of metamorphism associated with formation of regional 
metabasites. Sample FC-91 was collected for its abundant S1G mica, folded by F2G folds, 
without the recrystallization of white mica in S2G (Fig. 7A). Samples FC-36 and 09 were 
collected for their abundant relatively coarse white mica within only the S2G fabric (Fig. 
7, B and C). 
2.2.5. Darrington Phyllite 
Blueschist-facies graphitic phyllite, the Darrington Phyllite, with lesser metachert, 
Fe-Mn rocks, and psammite crops out within the field area (Misch, 1966; Brown et al., 
1982). The phyllite is interpreted to have been deposited above metabasites as 
graphitic shale with chert and greywacke (Haugerud, et al, 1981). The Darrington 
Phyllite is composed of quartz, albite, graphite, white mica, epidote, chlorite, titanite, 
stilpnomelane, lawsonite, and accessory oxides, garnet, and pyrite (Fig. 7, E and F, 
Table 1). The dominant metamorphic fabric in the phyllite is a penetrative S2P axial 
planar foliation. The S2P fabric resulted from F2P folds that are steeply inclined, gently SE 
plunging, NE vergent, tight to isoclinal, angular and similar style (Figs. 5C, 8) (Haugerud 
et al., 1981). The S1P fabric is locally preserved in albite porphyroblasts and crenulation 
hinges (Fig. 7F). Lawsonite and garnet crystallized during M1P, as evidenced by the 




Samples FC-07 and 37 were collected for their coarse white mica in the S2P 
fabric, much coarser than S1 white mica, to determine the chemistry, age, and 
metamorphic temperature of minerals in the youngest metamorphic fabric in the 
Darrington Phyllite.  
At the contact between the Shuksan Greenschist and Darrington Phyllite 
transitional zones of albite-chlorite-white mica schists and Fe-Mn rocks are common 
(e.g., Fig. 5, D and E). These zones are typically ~3m thick, and include banded 
argillaceous quartz and ironstone and Fe-Mn schists (Haugerud et al., 1981; Dungan et 
al., 1983), and Ph-Ab-Chl schists. Where Fe-Mn schists and ironstone are adjacent to 
phyllite the contact is parallel to metamorphic foliation (Fig. 5E), but away from the 
contact Fe-Mn schists are folded, boudinaged, and encased in the S2G foliation of the 
greenschist. Where metabasites and metapelites are in direct contact, rocks within both 
units are folded and the contact is sharp and parallel to the S2 foliations. 
3. PETROLOGY AND GEOTHERMOMETRY 
 3.1. Methods 
The chemistry of amphibole, white mica, chlorite, and garnet was investigated to 
classify mineral species, determine compositional trends, and estimate metamorphic 
temperatures during crystallization. Mineral compositions were measured by electron 
probe microanalysis (EPMA) using a Cameca SX-50 at the University of British 
Columbia, Canada (Tables 2-4, Appendix A). A 15 kV accelerating voltage and a 20 nA 
beam current was used for all samples. A beam diameter of 10 microns was used for 
white mica and chlorite and 5 microns for amphibole and garnet. Natural and synthetic 




calculated using the program AX (Powell and Holland, 1994). Amphiboles were 
classified following the scheme of Hawthorne (2012) and using the Excel spreadsheet 
of Locock (2014). Amphibole and garnet compositions are shown in Figure 9 and white 
mica compositions are shown in Figure 10. 
Coexisting mineral pairs in the dated samples were analyzed in known 
metamorphic fabrics, and temperatures were estimated using cation exchange 
thermometry with the software THERMOCALC, version 3.3. Mineral activities were 
calculated with the accompanying software AX (Powell and Holland, 1994). 
Temperatures for the various assemblages were determined by garnet-amphibole 
thermometry (Reaction 1, e.g., Graham and Powell, 1984), mica-chlorite thermometry 
(Reaction 2, e.g., Parra et al., 2002), and garnet-phengite thermometry (Reaction 3, 
e.g., Coggon and Holland, 2002).  
 Reaction 1: Garnet-hornblende thermometer: 
3 tremolite + 5 almandine = 3 ferro-actinolite + 5 pyrope 
3 Ca2Mg5Si8O22(OH)2 + 5 Fe3Al2Si3O8 = 3 Ca2Fe5Si8O22(OH)2 + 5 Mg3Al2Si3O8* 
Reaction 2: Mica-chlorite thermometer: 
clinochlore + 5 ferro-celadonite = daphnite + 5 celadonite 












Reaction 3: Garnet-phengite thermometer: 















2 + Mg3Al2Si3O8* 
 *End member mineral compositions from Holland and Powell, 1990.  
 
All metamorphic temperatures are reported with 2σ uncertainty and results are 
summarized in Table 5 and Figure 11. Temperatures were calculated at 10 kbar for 
garnet amphibolite samples FC-80B and FC-83, and quartz-white mica-glaucophane 
blueschist sample FC-82, 7 kbar was used for all other rocks based upon previous work 
by Brown and others (1982), Brown and O’Neil (1982), and the observed mineral 
assemblages (Table 1).  
3.2. Mineral Chemistry and Metamorphic Temperatures 
The primary assemblage of amphibolite samples is dominated by garnet and 
amphibole. In sample FC-80B brown pargasite cores have actinolite rims (Fig. 9). In 
sample FC-83 green pargasite cores have glaucophane rims (Fig. 9, Table 2). Garnets 
lack compositional zoning and are almandine and grossular-rich with lesser amounts of 
pyrope and spessartine (Fig. 9, Table 2). Garnet-hornblende thermometry indicates 
metamorphic temperatures of 760 ± 55 ͦ C for the S1A fabric (FC-80B, n=5) and 590 ± 70  ͦ
C for the S2A fabric (FC-83, n=3) (Fig. 11A), at 10 kbar.  
The metasomatic schist near the amphibolite serpentinite contact contains the 
assemblage Tr-Hbl-Ph-Ab-Chl±Cal. In sample FC-84, amphiboles are magnesio-
hornblende with lesser pargasite, and tremolite (Figures 6F and 9), and micas are 
phengite (Fig. 10). Thermometry on mica-chlorite pairs that overgrow the S1T fabric yield 
a post-metasomatism temperature of 350 ± 90  ͦC at 7 kbar during post-tectonic 




bracketed between 3-7 kbar by the presence of glaucophane rims on magnesio-
hornblende and tremolite, and accessory calcite. 
Na-amphibole schists are composed primarily of the assemblage Gln-Ph-Ep-Chl-
Ttn-Ab. Sample FC-82 contains abundant coarse glaucophane (blue) and ferro-
glaucophane (purple) in the S1N fabric; FC-90 contains only glaucophane (Fig. 9) in the 
S2N fabric. Micas are phengite in both samples (Fig. 10). Garnets are almandine rich 
(~45-65% XAlm) with equal grossular and pyrope (~30% XGrs and XPy) and lesser 
spessartine (6-15% XSps) (Fig. 10, Table 2). In FC-82 garnet-phengite thermometry 
indicates a metamorphic temperature of 530 ± 55  ͦC at 10 kbar for the S1N fabric (n=4, 
Fig. 11C). A metamorphic temperature of <500  ͦC at 7 kbar is inferred for phengite and 
chlorite in the S2N fabric of sample FC-90, based on the mineral assemblage of 
glaucophane, lawsonite, albite, epidote, and white mica (Figure 11D). The presence of 
glaucophane and albite and lack of jadeite loosely constrains metamorphic pressures 
between 7-14 kbar for FC-82 and 4-12 kbar for FC-90 (Fig. 11, C and D).  
 The Shuksan Greenschist is dominated by Ab-Ep-Ph-Chl-Ttn and amphibole. 
Within blueschist samples FC-36 and FC-09 amphiboles are glaucophane, with purple 
cores of riebeckite (Fig. 9, Table 3). Within greenschist sample FC-91, fine actinolite is 
the dominant amphibole (Fig. 7A, Table 3). Chlorite-mica thermometry indicates 
temperatures of 360 ± 55  ͦC for minerals in S1G (FC-91, n=5), and 280 ± 50  ͦC (FC-09, 
n=4) and 310 ± 100  ͦC (FC-52C, n=1) for minerals in S2G, shown in Figure 11E. All 
metamorphic temperatures from the greenschist/blueschist are within uncertainty, 




weighted average metamorphic temperature of the Shuksan Greenschist is 325 ± 35 ͦ C 
at 7 kbar.  
Samples from the Darrington Phyllite contain the assemblage Ph-Chl-Ab-
Qtz±Lws±Grt. Garnet is rich in spessartine (~32% XSps; Fig. 9) and phengite has a 
restricted range of compositions (Fig. 10). Temperatures were calculated for two 
samples using mica-chlorite and garnet-phengite thermometry that yielded metamorphic 
temperatures of 320 ± 40  ͦC (FC-07, n=5) and 290 ± 50  ͦC (FC-37, n=4) for minerals in 
the S2P fabric (Fig. 11F, Table 5). Coexisting lawsonite, garnet, and calcite constrain 
metamorphic pressures between 4 and 7 kbar in the temperature range (Fig. 11F).  
3.3. Summary of Metamorphic Temperatures  
Petrographic observations and thermometry demonstrate a progression in the 
Easton Suite from coarse high-T assemblages near serpentinite at high structural levels 
to low-T assemblages to the NE and structurally downward (Table 5), consistent with 
the observations of Brown et al., 1982. The highest metamorphic temperature (760 ̊C) 
was obtained from the coarsest amphibolite dominated by the S1A fabric. Finer-grained 
green amphibole and garnet from the S2A fabric and garnet and phengite from the S1N 
fabric in Na-amphibole schist produced metamorphic temperatures that overlap around 
550 ̊C. Mica and chlorite from S2N in Na-amphibole schist yielded a metamorphic 
temperature of ~360 ̊C. Finer-grained assemblages in Shuksan Greenschist and 






4. 40Ar/39Ar GEOCHRONOLOGY 
4.1. Step-Heating Methods 
For this study 40Ar/39Ar analyses were performed at the University of Vermont 
noble gas laboratory using a Nu Instruments mass spectrometer linked to an ultrahigh 
vacuum extraction line, and powered by a Santa Cruz Laser Microfurnace laser diode 
system. Laser wattage was set to 3.8 W for each initial step, and increased by 
increments of 0.1 W to 0.05 W per step until the main release of Ar was encountered, at 
which time increases of 0.025 W per step were used. Samples were heated for 60 
seconds during each step. White mica and amphibole were separated using a rock 
crusher, followed by a disc mill, sieve shaker, and a Frantz magnetic separator. For 
graphite-rich samples LST heavy liquid and extensive picking were used to separate 
white mica from graphite.    
Step-heating results are shown in Appendix B and summarized in Figures 12 and 
13, and Table 6, and dated samples not shown in Figures 6 and 7 are shown in 
Appendix C. Metamorphic temperatures of the high-grade rocks, Shuksan Greenschist, 
and Darrington Phyllite, (Fig. 11), and the closure temperature of the 40Ar/39Ar system in 
amphibole (~500 ̊C) and muscovite (~400 ̊C) (McDougall and Harrison, 1988; Harrison 
and Zeitler, 2005, Harrison, et al., 2009), suggest that all amphibole ages can be 
interpreted as cooling ages, while all white mica ages except those from the S1N fabric 
in Na-amphibole schist (sample FC-82) can be interpreted as crystallization ages. All 
steps with 37Ar/39Ar ratios dissimilar to amphibole and white mica were excluded from 




uncertainty encompassing 60% or more of the 39Ar, and all ages are reported with 2σ 
uncertainty.  
 4.2.   40Ar/39Ar Results 
One white mica or hornblende age was determined from each of the three fabrics 
within amphibolite. Samples FC-80B and 83 were collected on the ridge west of Gee 
Point (Fig. 4). Both samples have only minor development of a retrograde blueschist 
assemblage (Fig. 6, A and B). Their 40Ar spectra show age gradients during initial Ar 
release and relatively flat spectra for later steps (Fig. 12, A and B). Two 180-500 micron 
pargasite crystals from the S1A fabric of FC-80B are interpreted to have a weighted 
mean age of 167.4 ± 1.9 Ma, using 56.3% of the 39Ar (Fig. 12A, Table 6). Two 180-500 
micron hornblende crystals from the S2A fabric of FC-83 produced a plateau age of 
164.4 ± 1.5 Ma (Fig. 12B, Table 6). Sample FC-68 is white mica-rich schist with relict 
garnet and hornblende interpreted as retrograded amphibolite, collected east of Iron 
Mountain (Figures 2 and 6C). White mica in this sample crystallized with chlorite, 
epidote, and titanite in the S3A fabric, and analysis of one 500 micron crystal produced a 
plateau age of 162.5 ± 0.9 Ma from a nearly flat age spectrum (Fig. 12C, Table 6). 
Hornblende ages from FC-80B and 83 are interpreted as cooling ages for the time 
minerals in the S1A fabric cooled below 500 ̊C. The white mica age from FC-68 is 
interpreted as a crystallization age.  
One hornblende and one white mica age were determined for Tr-Hbl-Ph schist 
sample FC-84 (Fig. 4). The age spectrum for hornblende is generally sloped, trending 
toward older ages at higher-wattage steps. The mica spectrum is saddle shaped. An 




hornblende crystal (Fig. 12D). Analysis of a single 500 micron post-S1T white mica 
crystal produced a mean weighted age of 160.1 ± 1.3 Ma using 45% of the 39Ar, and an 
inverse isochron yields a consistent age of 160 ± 5 Ma (Fig. 12, E and F, Table 6). The 
white mica age is interpreted as a crystallization age which is post-metasomatism. No 
hornblende age is interpreted due to chlorite and mica contamination in low-wattage 
steps, and the age gradient in higher wattage steps.  
White mica from both fabrics in the Na-amphibole schist was dated for this study. 
Sample FC-82 is quartz-white mica-glaucophane blueschist, from the ridge west of Gee 
Point (Fig. 4). Only one foliation is present in the sample, and there are no relict phases, 
indicating minerals are in the S1N fabric. A single 250-500 micron white mica crystal from 
FC-82 was analyzed, and produced a relatively flat age spectrum (Fig. 12G). A 
weighted mean age of 165.3 ± 1.4 Ma is calculated from 97.8% of the 39Ar (Fig. 12G, 
Table 6). This white mica age is interpreted as a cooling age for the time minerals in the 
S1N fabric cooled below 400 ̊C. FC-90 is glaucophane-white mica-epidote blueschist 
collected from the interior of a tectonic block within serpentine-white mica-chlorite 
matrix, southeast of Iron Mountain (Fig. 2). FC-90 is dominated by the S2N fabric, as 
indicated by coarse glaucophane strained and recrystallized to chlorite and white mica, 
and titanite crystals with rutile cores. A bimodal age spectrum resulted from analysis of 
two 250-500 micron white mica crystals from FC-90, with early steps showing a 
weighted mean age of 157.0 ± 1.1 Ma with 60% of the 39Ar dominantly released in 2 
steps. Later steps have a weighted mean age of 167.0 ± 4.6 Ma for 35% of the 39Ar (Fig. 
12H). It is possible a mixed population or incompletely recrystallized white mica was 




mark the timing of partial recrystallization of remnant S1N crystals with an earlier cooling 
age of 167 Ma. The exact nature of the earlier event is unknown, but it appears a 
higher-temperature blueschist assemblage was retrograded at lower temperature and 
possibly pressure, which resulted in strained and partially recrystallized coarse 
glaucophane in a matrix of abundant white mica, epidote, and titanite. 
White mica ages from Shuksan Greenschist and blueschist were determined for 
three samples. FC-91 was collected on the east side of Iron Mountain (Fig. 2) at an 
outcrop of tight upright F2G folds which fold S1G mica (Fig. 5C and 6A). FC-36 and FC-09 
were collected north of Finney Creek (Fig. 3). In FC-91 mica is present exclusively in 
the S1G fabric (Fig. 7A). FC-36 and 09 contain mica only in the S2G fabric, which heavily 
overprints or transposes S1G (Fig. 7, B and C). The age spectra for greenschist and 
blueschist are generally flat, with deviation from the average age observed in the 
highest and lowest wattage steps (Fig. 13 A-C). An analysis of approximately ten 90-
180 micron crystals in FC-91 produced a plateau age of 139.6 ± 0.8 Ma (Fig. 13A). In 
FC-36 an analysis of ten 90-250 micron crystals produced a weighted mean age of 
140.1 ± 0.8 Ma using 98% of the 39Ar (Fig. 12B). An analysis of two 90-250 micron 
crystals in FC-09 produced a weighted mean age of 136.7 ± 0.8 Ma using 79% of the 
39Ar (Fig. 13C). The tight clustering of white mica ages in the Shuksan Greenschist 
suggests M1 and M2 metamorphism overlap at 140 Ma, and M2 continued until at least 
136 Ma.  
Sample FC-52C was collected on the east side of the north face of Iron Mountain 
(Fig. 2), from white mica-albite-chlorite schist in the interbedded zone at the phyllite and 




internal foliation of albite porphyroblasts is tightly folded and microlithons of mica and 
chlorite at a high angle to the foliation are locally preserved, demonstrating that the 
dominant fabric is S2G. Two 250-500 micron white mica crystals from the S2G fabric 
produced an 40Ar/39Ar spectrum with an age gradient from 159-144 Ma (Fig. 13D). The 
age gradient in FC-52C is interpreted to result from the intergrowth of chlorite and white 
mica resulting in analysis of an impure phase, as supported by petrographic observation 
and microprobe data, and thus this spectrum is not interpreted further.  
White mica separates were dated from Darrington Phyllite samples FC-37 and 
07. Both were collected in the Finney Creek area (Fig. 3) and contain 180-500 micron 
white mica in the S2P fabric. Microlithons of the S1P fabric are characterized by minor 
sub-125 micron mica (Fig. 7F). To avoid dating a mixed population only 180+ micron 
crystals were selected for analysis. The age spectra for both samples are roughly flat. 
For FC-07 a plateau age of 141.9 ± 1.4 Ma resulted from analysis of three 180-250 
micron white mica crystals (Fig. 13E), and the weighted mean age of FC-37 is 148.5 ± 
1.3 Ma using 55% of the 39Ar on an analysis of two 180-250 micron crystals (Fig. 13F). 
The two phyllite samples dated indicate crystallization of minerals in the S2P fabric from 
148-142 Ma.  
5. DISCUSSION 
The goal of this study was to constrain the timing and conditions of subduction 
initiation and the T-t-D history in the Easton Metamorphic Suite. Previous studies were 
unable to constrain this history due to the large uncertainty associated with early K/Ar 
ages, and a smaller dataset of metamorphic temperatures. The Temperature-time and 




Figures 14 and 15, were combined with petrographic study to interpret a tectonic and 
metamorphic evolution of the suite, shown in Figure 17, beginning with two competing 
hypotheses for the protolith setting. The T-t-D history is then compared to other 
subduction zones, and implications for the Middle Jurassic to Early Cretaceous 
Cordilleran margin are discussed.  
5.1. Temperature-time-Deformation history of the Easton Metamorphic suite   
Garnet amphibolite adjacent to serpentinized peridotite at the highest structural 
levels records the highest temperature and oldest age in the Easton Metamorphic Suite. 
Sample FC-80B preserves metamorphic conditions of 760 ± 55 ̊C at 10 kbar, and S1A 
formation with cooling to 500 ̊C at 167.4 ± 1.9 Ma (Figures 14 and 16). This age and 
temperature are interpreted to represent initial subduction metamorphism (M1A) and 
accretion of amphibolites to the hanging wall (Fig. 17C). The hornblende age for FC-
80B is older than the hornblende K/Ar age of 148 ± 10 Ma reported by Brown et al., 
1982. This age is also older than the protolith ages for the greenschist/blueschist and 
phyllite, supporting the hypothesis of Brown and Gehrels (2007) that amphibolites were 
being metamorphosed before or roughly at the same time protoliths to the greenschist 
and phyllite were deposited. The formation of the high-T metamorphic sole, garnet 
amphibolite, and the minimum age of subduction initiation are constrained at ~760 ̊C 
and 10 kbar at ≥167 Ma. 
After or late in M1A amphibolites had accreted to the hanging wall, and Na-
amphibole Schist, the low-T metamorphic sole, underthrusted and accreted (Fig. 17D). 
Amphibolite sample FC-83 records metamorphic conditions of 590 C̊ at 10 kbar, and 




amphibole schist sample FC-82 records formation of S1N and cooling to 400 ̊C by 165.3 
± 1.5 Ma, from metamorphic conditions of 530 ̊C at 10 kbar. White mica from FC-90 
preserves a loosely constrained M1N event with cooling to 400 ̊C at 167 ± 4.6 Ma. I 
interpret the M1N and M2A events occurred largely together, as shown in Figure 15, 
based on their similar cooling ages and metamorphic conditions, 590 ̊C and 530 ̊C at 10 
kbar (Table 5, Figure 14). After or toward the end of M1A amphibolites had accreted to 
the hanging wall and Na-amphibole schist underthrusted and accreted (Fig. 17D). This 
interpretation differs from that of Brown, et al., 1982, who suggested the Na-amphibole 
schist and amphibolite formed together during initial subduction in a thermal aureole. 
The new data suggests that Na-amphibole schist accreted during the D2A/D1N event, 
which lasted at least 3 m.y. from ≥165 or perhaps as early as 167 Ma until 162 Ma, and 
occurred during rapid cooling of both rock units from 550 ̊C to 350 ̊C (Fig. 17, D and E).  
Metasomatism of amphibolites and associated rocks near the contact with 
serpentinite likely occurred during M2A, shortly after the onset of subduction 
metamorphism (Figures 16, and 17D). The timing is bracketed by Tr-Hbl-Ph schist west 
of Gee Point interpreted as metasomatized amphibolite, which has a variable blueschist 
overprint that is in turn overgrown by post-tectonic white mica and chlorite. 
Glaucophane was not stable until after crystallization of minerals in S1T, suggesting a 
temperature at or above ~550 C̊ during metasomatism, which is consistent with the 
metamorphic temperature during M2A and work by Sorensen and Grossman (1993). 
Post-metasomatism white mica dated as 160.1 ± 1.3 Ma (Table 6), with a crystallization 
temperature of 350 ± 90 ̊C (Table 5), serves as the lower age and temperature bracket. 




metamorphism (≥167 Ma), but before cooling to 350 ̊C and post-tectonic crystallization 
(≥160 Ma), during the M2A event.  
The T-t-D history of amphibolite and Na-amphibole schist demonstrates rapid 
cooling during accretion and subsequent exhumation. Overlapping ages and 
temperatures for M2N and M3A show the metamorphic sole cooled to <400 ̊C by 162-157 
Ma (Figures 14 and 15), based on white mica crystallization ages from FC-68 (S3A), FC-
84 (S1T), and FC-90 (S2N). (Fig. 14). The rate of early rapid cooling is estimated as 65 ± 
20 ̊C/Ma, based on cooling of 200 C̊ over a period of 3 m.y. During retrogression 
pressure is inferred to decrease from 10 to 7 kbar, based upon the Na content in 
pyroxenes in amphibolites, and the NaM4 component of later amphiboles in Na-
amphibole schist (Brown, 1977; Brown et al., 1982) (Fig. 15). The reduction in P and T 
that coincided with the D3A event are interpreted to have resulted from exhumation 
during cooling of the metamorphic sole, associated with retrogression to blueschist 
facies. Post-tectonic phases demonstrate that by 160 Ma, deformation of amphibolites 
and associated rocks ceased, perhaps because these rocks were no longer at the plate 
interface (Fig. 17E).  
Previous K/Ar ages suggested that regional blueschist facies metamorphism of 
the Shuksan Greenschist and Darrington Phyllite occurred from 120-130 Ma (Brown, et 
al., 1982). White mica separates from both units were dated to test this hypothesis, and 
they suggest the phyllite is older than the greenschist. Two ages of 148.5 and 141.9 Ma 
record crystallization in the S2P fabric in phyllite. In Shuksan greenschist/blueschist, an 
S1G white mica crystallization age of 139.6 Ma, and S2G white mica ages of 140.1 to 




amphibole schist and the regional greenschist/blueschist and phyllite reflects either 
incomplete sampling or a lack of preserved accreted rocks.  
Metamorphic M1 events in the greenschist/blueschist and phyllite can be only 
loosely bracketed by the available data. The upper bounds on M1 in both units are the 
protolith ages reported in section 2.1. The current lower bounds on M1 in phyllite and 
greenschist/blueschist are defined by the oldest S2 white mica ages (Fig. 13). These 
dates constrain M1G metamorphism to between <163 to ≥140 Ma, and M1P to between 
<155 to ≥148 Ma (Fig. 15). These age brackets suggest the phyllite was subducted and 
metamorphosed rapidly after deposition, before the greenschist/blueschist was 
metamorphosed. 
Differing interpretations for how the Shuksan Greenschist and Darrington Phyllite 
were incorporated into the Easton Metamorphic Suite have been proposed by previous 
workers. Haugerud and others (1981) interpreted that protoliths of the phyllite were 
deposited on the greenschist, and the units were subducted and exhumed together. 
Haugerud’s hypothesis is supported by transitional Fe-Mn rocks between the 
greenschist/blueschist and phyllite attributed to seafloor hydrothermal alteration, and the 
geometry of folds in the Finney Creek-Gee Point area (Fig. 3) (Haugerud et al., 1981; 
Dungan et al., 1983). However, the tectonic model of Brown and others (1982) 
proposed juxtaposition of the Na-amphibole schist and Shuksan Greenschist during the 
first metamorphic event in greenschist, M1G. Brown’s model is based upon the 
gradational contact between the Na-amphibole schist and Shuksan Greenschist in the 
field area (Figures 2 and 3), and sodic amphiboles with barroisite cores and 




White mica crystallization ages suggest the phyllite subducted before the greenschist, 
and both rock units were metamorphosed after the Na-amphibole schist (Figures 14 and 
16). Fe/Mn rocks are observed to be encased in the S2 foliation of the greenschist, and 
GS/phyllite contacts are sharp and parallel to the S2 fabric. These observations suggest 
that the Shuksan GS/BS and Darrington Phyllite are presently in tectonic (syn-S2) 
contact. Overlap between M2P and M1G at 140-141 Ma suggests phyllite underwent its 
first metamorphic event (M1P) and then was juxtaposed with the greenschist/blueschist 
during the latter portion of M2P. One possible explanation is that the phyllite was 
metamorphosed and accreted before 148 Ma, then greenschist was underthrusted and 
accreted beneath the phyllite, where it was juxtaposed with the Na-amphibole schist 
(Fig. 17, G-I). Very shortly afterward, the M2G event initiated.  
The M2G event in Shuksan greenschist/blueschist is interpreted to have been at 
lower pressure than M1G, and possibly related to exhumation, based on the growth of 
actinolite in blueschists in association with F2G folds (Haugerud, et al., 1981). 
Alternatively, actinolite in blueschists may have resulted from heating at depth during 
M2. Pressure during M1G and M2G remained within 4-7 kbar, based on mineral 
assemblages (Fig. 11E). Temperatures for both events overlap within an uncertainty of 
~50 C̊, with slightly lower results for M2 (Table 5). Therefore, a change in pressure of ≤3 
kbar best explains the amphibole zoning in blueschists. If the S2G fabric is exhumation-
related, rapid transition from subduction during D1G to exhumation during D2G may be 
interpreted from the tight overlap of S1 and S2 white mica ages in greenschist/blueschist. 




Easton Suite, began during M2G as early as 140 Ma, and pressure dropped from 7 to 5 
kbar with little or no change in temperature (Fig. 15).  
The T-t-D history recorded in the Easton Suite is unique because it preserves the 
early history of the subduction zone, followed by evidence of a prolonged steady 
thermal state. An amphibole cooling age from high-temperature amphibolite (~760 ̊C) 
juxtaposed against serpentinized peridotite constrains the timing of subduction initiation 
to ≥167 Ma (Fig. 16). Amphibolites comprise the high-T metamorphic sole, and were 
formed within the first ≥2 m.y., and shortly after began cooling at rate of ~65 ̊C/Ma. The 
Na-amphibole schist was formed and accreted beneath the amphibolites in the following 
3 m.y. at ~550 ̊C and 10 kbar. At the same time (165-162 Ma) amphibolite was 
metasomatized at the contact with peridotite structurally above. The blueschist overprint 
on amphibolites was developed over approximately 2 m.y. from 162-160 Ma, during 
cooling to <400 ̊C and partial exhumation of the metamorphic sole from 10 to 7 kbar.  
After ≥5 m.y. of rapid cooling (From ≥167 to 162 Ma) the subduction zone 
remained at a steady thermal state for at least 26 m.y. Metamorphic temperatures of 
~325 C̊ were maintained after retrogression of early rocks and during formation of 
Darrington Phyllite and Shuksan Greenschist assemblages. Although the timing of the 
M1 events in phyllite and greenschist/blueschist are poorly constrained, Shuksan 
greenschist/blueschist rocks had accreted to the metamorphic sole and were partially 






5.2. Comparison to other subduction zones  
The inverted metamorphic sequence within the Easton Metamorphic Suite and 
the retrograde P-T-t path preserved in the amphibolite and Na-amphibole schist (Fig. 
15) is typical of rocks produced within metamorphic soles formed during subduction 
initiation and then cooled at depth (Platt, 1975; Cloos, 1985; Wakabayashi, 1990; Smith 
et al., 1999; Agard et al., 2009; LáZaro et al., 2009; Gerya, 2011). Preservation of 
amphibolites with a subordinate blueschist overprint suggests accretion and exhumation 
rapidly followed early subduction metamorphism, without sufficient time for thorough 
recrystallization (Anczkiewicz et al., 2004; Agard et al., 2009; Plunder et al., 2016). 
More intensely retrograded amphibolites in the Franciscan and in Chile are interpreted 
to have been retrograded and dismembered into tectonic blocks in matrix during 
residence time at depth (Wakabayashi, 1990; Ernst, 2015; Hyppolito, et al., 2016). The 
tectonic history of amphibolite and Na-amphibole schist in the Easton Suite is similar to 
accretion and exhumation of the well preserved metamorphic sole in the Semail 
Ophiolite, which occurred over approximately 5 m.y. (Plunder, et al., 2016). Ages, 
metamorphic temperatures, structural relations, and petrologic and petrographic study 
all suggest the Easton Metamorphic Suite contains a metamorphic sole formed at the 
initiation of subduction, beneath which the Darrington Phyllite and Shuksan Greenschist 
were underplated.  
The T-t-D history of the Easton Metamorphic Suite is similar to the theoretical 
and observed thermal and structural evolution of other subduction suites, that are 
characterized by early rapid cooling, followed by a steady thermal state lasting tens of 




al., 2016; Soret et al., 2017). The rate of early cooling in the Easton Suite, 65 ̊C/Ma, 
appears to be higher than in other subduction suites such as the Franciscan, Catalina 
Schist, Chile and the Caribbean, where rates of 15-25 ̊C/Ma have been calculated (Fig. 
14) (Grove and Bebout, 1995; Anczkiewicz et al., 2004; LáZaro et al., 2009; Hyppolito, 
et al., 2016). Page and others (2007), however, argue the cooling trend for the 
Franciscan shown in Figure 14 is only apparent, as the relationship between high-grade 
blocks in different areas is unknown and even adjacent blocks within mélange can 
record different P-T paths. 
5.3. Implications for Jurassic-Cretaceous Cordilleran Margin 
The protolith setting and tectonic history of the Easton Metamorphic Suite have 
bearing on North American Cordilleran margin paleogeography and tectonics during the 
Middle Jurassic to Early Cretaceous. Two differing models for the origin of the suite are 
proposed. A “back arc” model argues that volcanic detritus in the western Easton Suite 
is evidence of an arc to the west of the depositional basin, with North America to the 
east, and the Franciscan subduction zone farther to the west (Figure 17A) (Gallagher, et 
al., 1988; McDonald and Dragovich, 2015). The back arc model is supported by 
gabbros, diorites, and metatuffs in the western portion of the Easton Suite interpreted to 
be arc derived (Gallagher et al., 1988), and abundant graphite in the Darrington Phyllite, 
suggesting deposition in a restricted and reducing ocean basin (Haugerud, et al., 1981). 
Also, geochemical analyses suggest the Darrington Phyllite is similar in composition to 
modern day back arc basin turbidites (McDonald and Dragovich, 2015). The back arc 




continental margin (Fig. 17B), which is typically preceded by a passive or transform 
margin collapse, or a subduction polarity reversal (Stern, 2004). 
The thermal history of the Easton Suite appears more consistent with subduction 
of a large ocean basin than a back arc basin. At least 31 m.y. of subduction at a 
conservatively estimated typical convergence rate of ~4 cm/yr suggests a minimum of 
1,200 km of subducted ocean floor. This is not consistent with the size of typical back-
arc basins, that although variable typically range from 200 km (e.g., Andaman Sea), to 
1000 km (e.g., South China Sea), but is consistent with a larger ocean basin, as is 
suggested in the simple model. Prolonged HP/LT metamorphism is also inconsistent 
with subduction of a back arc or small basin, examples of which may be in the Western 
Pacific (Hall, 2002). The minimum duration of subduction and thermal history of the 
Easton Suite do not seem to support a back arc basin origin, but instead indicate 
derivation from a large subducted ocean basin, similar to the Franciscan.  
6. CONCLUSIONS 
 Subduction of the Easton Metamorphic Suite initiated in the Middle Jurassic at 
≥167 Ma, and the metamorphic sole was created, accreted, and exhumed by 160 Ma, 
under conditions of rapid cooling from 760 ̊C to 350 ̊C. Juxtaposition of early high-grade 
and later lower-grade rocks occurred between 159 Ma during retrograde metamorphism 
of Na-amphibole schist, and ≥140 Ma, during initial metamorphism of the Shuksan 
Greenschist. Shuksan Greenschist and Darrington Phyllite M2 metamorphic 
assemblages were produced at different times, at least 148-141 Ma for phyllite, and 
140-136 Ma for greenschist/blueschist. Exhumation of the Shuksan Greenschist 




faults formed during subduction. The Easton Suite preserves early rapid cooling and 
deformation, followed by at least 26 m.y. of nearly isothermal HP/LT metamorphism.  
 Future Work 
 Future work may involve geologic mapping, sampling, and analysis of the high-
grade rocks and the contact zone with serpentinite on the ridge west of Gee Point. 
Dating garnet could further establish the duration of high-T metamorphism, and further 
constrain the age of subduction initiation. In situ dating of other mineral phases paired 
with thermobarometry, particularly for minerals in the S1 fabric of the Shuksan 
Greenschist and Darrington Phyllite, and the S2 fabric of Na-amphibole schist, paired 
with further examination of the contacts between these units, would provide further 
insight into the early metamorphism of the rock units that dominate this subduction 
suite. To more confidently determine protolith ages in the Easton Suite future work may 
focus on obtaining additional detrital and magmatic zircons for dating.  
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Figure 1: A) Map of the western North American margin, showing the Northwest Cascade 
thrust System (NWCS), Franciscan, and Western Jurassic Belt, as well as the Coast Plutonic 
Complex (CPC) and Wrangellia (WR). B) Map of northwest Washington showing the terranes 
which comprise the NWCS, divided into HP/LT (blue) and not HP/LT (grey) with the Easton 
(EA) shown in darker blue. The Coast Plutonic Complex (CPC), Wrangelia (WR), and the 
Cascade Crystalline Core (CCC) are also shown. C) Study area, showing the major rock 
units of the Easton Suite. Protolith U/Pb ages are shown with squares for igneous ziron
(Gallagher, et al., 1988; Dragovich, et al., 1998), and a circle for detrital zircon. Figure 



















































































Figure 5: Annotated field photos of major Easton Metamorphic Suite rock types showing metamorphic 
fabrics and contact relations. A) Garnet amphibolite encased in Tr-Hbl-Wm schist west of Gee Point. 
B) Outcrop of Q-Gln-Wm blueschist west of Gee Point showing the S1
N foliation near sample location 
FC-82 (fig. 4). C) Shuksan Greenschist near Iron Mountain showing F2 folds and the S1
G and S2
G 
foliations. D) The contact between greenschist and phyllite, with Wm-Ab-Chl schist structurally between, 
at sample location FC-52C (fig. 2). E) The contact between phyllite and Fe-Mn rocks, pencil eraser for 






































Figure 6: Plane light photomicrographs of high-grade rocks from the Easton Metamorphic Suite. 
Sample number and rock name are given in the upper right. Metamorphic fabrics are traced and 
labelled. Coarse mineral species are indicated with text: Mhbl- magnesio-hornblende, Prg-
pargasite, G- garnet, Ab- albite, Wm- white mica, Gln- glaucophane, fGln- ferro-glaucophane, 
Trem- tremolite, Ch- chlorite, Ep- epidote, Ttn- titanite, Q- quartz, Lws- lawsonite. Sample












A                                   FC-80B: Garnet amphibolite B                                   67-219: Garnet amphibolite
E                                  FC-82: Q-Wm-Gln blueschist F                                 67-312: Gl-Wm-Ep blueschist



















































Figure 7: Plane light photomicrographs of low-grade rocks from the Easton Metamorphic Suite. 
Sample number and rock type are shown at the upper right of each photo, the metamorphic 
fabrics are shown with black and white lines, and scale at the lower right. Abundant minerals 
are labelled with text. Sample 67-450 was collected by E.H. Brown, 67-328 was collected by









F                                     FC-07: Darrington PhylliteE                                      67-328: Darrington Phyllite
D                              67-450: Shuksan, greenschistC                                   FC-36: Shuksan, blueschist

















































Pole to axial planeHinge lineAxial plane
A B C
Figure 8: Stereonets from blueschist and phyllite, showing the 
orientation of axial planes, hinge lines, and poles to axial planes. 
A) F2 folds in Na-amphibole schist. B) F2 folds in greenschist 







Figure 9: Amphibole and garnet composition plots. All mineral rim 
































































Figure 10: Composition plots for white micas. All cation values are based 
on 11 oxygen formulas. A) Al versus Si per formula unit. B) Al versus 











































































































































Figure 11:  PT diagrams for the Easton Metamorphic Suite by rock unit. Colored lines 
are the locations of Fe/Mg exchange reactions determined by Thermocalc for 
garnet-hornblende pairs in A, mica-chlorite pairs in B, E, and F, and garnet-phengite 
pairs in C. For D the mineral assemblage was used to bracket pressure and temperature.
The locations of metamorphic reactions are shown with black lines: 1) Ab=Jd+Q 
(Thermocalc), 2) Cal=Arag (Thermocalc), 3) Anl+Q=Ab+H2O (Liou, 1971), 
4) Wa=Lws+Q (Liou, 1971), 5) Lws=An+Q+F (Crawford and Fyfe, 1965), 6) Grt in 
(Spear, 2014), 7) Prh= Lws+Grs+Qtz (Perkins, et al., 1979), 
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Figure 12: Apparent age spectra for high-grade rocks of the Easton Metamorphic Suite. 
Sample number, mineral dated, and rock type are shown at the top of each spectrum. At the 
bottom of each spectrum the age is given with 2σ uncertainty, calculated using 
the dark grey boxes, light grey boxes were not used for calculation. An inverse isochron is 
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Figure 13: Apparent age spectra for Shuksan greenschist and blueschist, and Darrington 
Phyllite. Sample number, mineral dated, and rock type are shown at the top of each 
spectrum. At the bottom of each spectrum the age is given with 2σ uncertainty, calculated 







































Figure 14: Temperature-time plot for rocks of the Easton Metamorphic
Suite, showing 2-sigma age and temperature uncertainty. Hornblende 
ages are shown with squares, mica ages are shown with circles. 
Cooling ages are shown with hollow symbols, crystallization ages are 
shown with solid symbols. Dotted-line temperature constraints are 
inferred by closure temperatures cited in Section 3. Sample numbers 
are shown in italics. See Table 5 for data. The dark grey dotted line




























GS/BS D1: 140 Ma
Amph D3: 162 Ma
Phyll D2: 148 to 141 Ma
Na-Amph Sch D2: 157 Ma
Na-Amph Sch D1: 
>165 Ma
Figure 15: Pressure-Temperature plot for the Easton Metamorphic Suite, 
showing the approximated PT path with arrows. Pressure 
constraints are derived from Figure 11, but pressures for D1 and D2 in 
amphibolite and D1 in Na-Amphibole schist are from Brown, et al., 1982.  
Amph D2: 
>164 Ma

















Figure 16: Diagram illustrating the timing of metamorphic fabric 
development in the Easton Suite. Solid lines represent known 
constraints with uncertainty, dashed lines are constraints inferred 
by cross-cutting and overprinting relationships discussed in 
the text. Arrows are for minimum constraints established by 
cooling ages, and vertical lines are constraints established by
petrographic relations. Lines without vertical ends lack upper or 













































Exhumation from 10 to 7 
kbar, and retrogression of the 
metamorphic sole.
Deposition of the 
Shuksan Greenschist 
(>140 Ma) and the 
Darrington Phyllite 







crust: 163 ± 0.2 Ma
~175 Ma: Easton Suite protolith setting.
Two possible scenarios are presented: (left: A) Interpretation of Gallagher, et al., 1988, of a back arc
depositional setting, versus (right: B) a typical and simplified continental margin subduction zone shown 
just prior to initiation (Stern, 2004)  
F: 148-141 Ma








 Exhumation of the 





























































Figure 17: Tectonic history of the Easton Metamorphic Suite, shown in schematic cross-section, with
the sizes of rock units exaggerated for clarity. The subducting slab is shown at different time intervals 
in each frame, with isobars shown with solid grey lines, and isotherms shown with dashed grey lines. 
A. B.
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TABLE 1. MINERAL ASSEMBLAGES BY ROCK UNIT
Amphibolite Na-amphibole Schist Greenschist Blueschist Phyllite
Sample (FC) 68 78 80A 80B 83 84 60 69A 69D 70A 75 81A 85A 90 52C 91 93A 18 9 36 54 17B 24 28 32 37 93D 7
Minerals*
Ap - - X ꝉ X X - - - - - - - - - - - X - - - - - - - - - - -
Act - - - - - X - - X - - - - - - X S1 § X - X X - - - - - - -
Amph-Ca X X X - X X X X - - X X X X - - - - - - - - - - - - - -
Amph-Na X X - - X X X X X X X X X X - - X - S1 X X - - - - - - -
Ab X X - X X X - - X X - X - X - X S1 S1 S1 - X S1 X - X X S1 X
Arg - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Bt - - - - - - - - - - - - - - - - - - - - - - - X - - - -
Cal - - - - - - - - - - - - - - - - X - - X - - - - - - - -
Chl X X - X - X - - X X X - - X X X X X X X X X - - - X X X
Epi X X - X X X X X X X - X X X X X S1 X X X X X X X X X X X
Grt S1 X X X X - - - - x X X - - - - - - - - - - - - - - - X
Hbl X X X X - X - - - - - X - X - - - - - - - - - - - - - -
Jd - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Wm S2 X - X - X X - X X X X X S2 X X - X S1 X X S2 S2 S2 S2 S2 S2 X
Opaques X X X X - X X X X X X X X X X X X X X X X X - X X X X X 
Lws X X - - X X - - - X X - X X - - - - - - - - X - - X - X
Qtz X X - X X - - X X X X X X - X X - X - X X X X X X X X X
Rt X X - X X - - - X - - - - X - - - - - - - - - - - - - -
Srp - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Stp - - - - - X - - - - X - - - X - - - - - - - - - - - S2 X
Tc - - - - - X - - - - - - - - - - - - - - - - - - - - - -
Ttn X X X X X - X X X X X X X S2 X X X X X X - X - - S2 X X X
Zo - - - X X X - - - - - - - - - - - - - - - - - - - - - -
Fabric/grade
S1 X X X X X X - - X X X - X X X X X X X - X X X X X X X X
S2 X X - - - X X X X - X X - X X X X X - X X X X X X X X X
Grade 1-5# 5 4 1 1 2 5 ~2 3 5 2 2 5 2 4 1 3 3 5 3 3-4 4 4-5 4-5 ~4.5 4 ~4.5 4
*Mineral abbreviations from Whitney and Evans, 2010.
ꝉ Mineral present
§Mineral present only within the given fabric
# Grade from Passchier and Trouw, 2005
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TABLE 2. SELECTED MINERAL CHEMICAL ANALYSES IN HIGH-GRADE ROCKS
Rock type Amphibolite Retrograde amphibolite Na-amphibole Schist
Sample FC-80B FC-83 FC-68 FC-84 FC-82 FC-90
Mineral Grt Hbl Act Grt Hbl Gln Ph Chl Hbl Chl Ph Gln fGln* Grt Ph Ph Chl Gln
Core/Rim Core Rim Core Rim Core Rim Core Core
SiO2 38.20 43.70 43.32 37.37 42.76 54.96 49.44 27.05 56.23 27.47 48.46 57.26 56.60 37.23 49.62 52.17 27.24 54.16
TiO2 0.17 0.79 0.71 0.16 0.59 0.06 0.40 0.02 0.02 0.05 0.57 0.10 0.18 0.21 0.52 0.09 0.00 0.03
Al2O3 22.03 14.35 13.70 21.65 14.08 10.61 28.05 18.01 1.23 19.08 30.84 11.28 11.05 21.51 28.72 25.38 17.64 13.89
Cr2O3 0.17 0.13 0.14 0.03 0.03 0.00 0.10 0.01 0.06 0.00 0.15 0.00 0.02 0.04 0.00 0.01 0.06 0.04
Fe2O3 1.34 2.50 1.72 1.41 2.42 1.34 0.00 0.33 1.01 0.00 0.00 0.00 0.00 1.64 0.00 0.00 0.75 0.00
FeO 22.74 10.08 11.03 21.68 13.06 13.92 2.25 28.35 6.30 22.86 1.48 14.26 14.25 18.89 2.14 2.69 23.53 11.01
MnO 1.62 0.21 0.21 3.48 0.19 0.12 0.00 0.60 0.26 0.60 0.02 0.28 0.23 8.74 0.06 0.07 0.59 0.12
MgO 5.45 11.85 11.51 1.91 10.01 7.51 3.03 14.07 19.31 17.67 2.63 7.37 7.30 1.92 2.85 3.72 16.75 7.47
CaO 8.91 10.62 10.54 12.55 10.47 0.81 0.01 0.13 11.79 0.03 0.02 0.13 0.34 10.45 0.00 0.00 0.36 0.54
Na2O 0.07 2.30 2.73 0.03 2.51 6.52 0.69 0.12 0.96 0.08 0.74 6.70 6.73 0.04 0.75 0.17 0.11 4.96
K2O 0.00 0.80 0.69 0.00 0.66 0.05 10.73 0.03 0.07 0.04 10.44 0.01 0.03 0.00 10.29 11.34 0.07 2.85
Totals 100.69 97.33 96.29 100.27 96.77 95.89 94.71 88.73 97.25 87.89 95.35 97.38 96.74 100.66 94.94 95.64 87.11 95.07
Oxygens 12.00 23.00 23.00 12.00 23.00 23.00 11.00 14.00 23.00 14.00 11.00 23.00 23.00 12.00 11.00 11.00 14.00 23.00
Si 2.95 6.39 6.43 2.95 6.38 7.88 3.33 2.87 7.90 2.85 3.23 8.01 7.989 2.94 3.32 3.49 2.88 7.76
Ti 0.01 0.09 0.08 0.01 0.07 0.01 0.02 0.00 0.00 0.00 0.03 0.01 0.019 0.01 0.03 0.01 0.00 0.00
Al 2.01 2.47 2.40 2.01 2.48 1.79 2.23 2.26 0.20 2.34 2.42 1.86 1.840 2.00 2.27 2.00 2.20 2.35
Cr 0.01 0.02 0.02 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.01 0.00 0.002 0.00 0.00 0.00 0.01 0.01
Fe3 0.08 0.28 0.19 0.08 0.27 0.14 0.00 0.03 0.11 0.00 0.00 0.00 0.000 0.10 0.00 0.00 0.06 0.00
Fe2 1.47 1.23 1.37 1.43 1.63 1.67 0.13 2.52 0.74 1.99 0.08 1.67 1.683 1.25 0.12 0.15 2.08 1.32
Mn 0.11 0.03 0.03 0.23 0.02 0.02 0.00 0.05 0.03 0.05 0.00 0.03 0.028 0.58 0.00 0.00 0.05 0.02
Mg 0.63 2.58 2.55 0.22 2.23 1.61 0.31 2.23 4.04 2.73 0.26 1.54 1.535 0.23 0.28 0.37 2.64 1.59
Ca 0.74 1.66 1.68 1.06 1.67 0.12 0.00 0.02 1.77 0.00 0.00 0.02 0.051 0.88 0.00 0.00 0.04 0.08
Na 0.01 0.65 0.79 0.01 0.73 1.81 0.09 0.03 0.26 0.02 0.10 1.82 1.842 0.01 0.10 0.02 0.02 1.38
K 0.00 0.15 0.13 0.00 0.13 0.01 0.92 0.00 0.01 0.01 0.89 0.00 0.006 0.00 0.88 0.97 0.01 0.52




TABLE 3. SELECTED MINERAL CHEMICAL ANALYSES IN GREENSCHIST AND BLUESCHIST
Rock type Greenschist Blueschist Wm-Ab-Chl schist
Sample FC-91 FC-36 FC-09 FC-52C
Mineral Ph Chl Fsp Act Ph Ep Gln Rbk* Ph Chl Gln Ep Ph Chl Fsp
Core/Rim Rim Core
SiO2 52.06 27.00 69.47 58.03 49.59 36.86 55.11 53.33 51.74 27.82 56.25 36.96 50.34 28.39 69.63
TiO2 0.15 0.05 0.00 0.11 0.10 0.04 0.06 0.02 0.14 0.02 0.01 0.15 0.08 0.04 0.00
Al2O3 24.96 18.40 19.60 11.02 23.69 23.76 6.58 4.33 24.92 18.19 8.44 21.57 25.68 19.73 19.70
Cr2O3 0.08 0.01 0.00 0.00 0.00 0.00 0.00 0.04 0.04 0.06 0.10 0.00 0.09 0.00 0.01
Fe2O3 0.00 1.72 0.08 0.00 4.98 12.36 4.99 7.64 0.00 0.68 2.50 15.47 2.68 0.00 0.11
FeO 3.16 25.55 0.00 14.12 1.92 0.00 14.51 17.94 4.11 24.53 15.25 0.00 1.03 22.54 0.00
MnO 0.03 0.38 0.00 0.27 0.05 0.27 0.12 0.16 0.07 0.38 0.17 0.34 0.08 0.31 0.00
MgO 3.74 15.95 0.00 7.65 4.03 0.01 8.24 6.27 3.63 17.05 8.10 0.01 4.57 17.73 0.00
CaO 0.04 0.01 0.07 0.34 0.03 23.15 1.28 1.20 0.01 0.12 1.27 22.75 0.07 0.05 0.10
Na2O 0.16 0.16 11.41 6.70 0.11 0.00 6.39 6.10 0.26 0.20 6.38 0.02 0.21 0.08 11.54
K2O 11.42 0.05 0.01 0.21 10.87 0.01 0.01 0.02 11.32 0.00 0.02 0.00 10.69 0.29 0.05
Totals 95.80 89.28 100.65 98.44 95.37 96.46 97.29 97.06 96.22 89.04 98.49 97.28 95.53 89.16 101.16
Oxygens 11.00 14.00 8.00 23.00 11.00 12.50 23.00 23.00 11.00 14.00 23.00 12.50 11.00 14.00 8.00
Si 3.49 2.82 3.01 8.03 3.38 2.98 7.94 7.928 3.47 2.88 7.94 2.99 3.37 2.89 3.00
Ti 0.01 0.00 0.00 0.01 0.01 0.00 0.01 0.002 0.01 0.00 0.00 0.01 0.00 0.00 0.00
Al 1.97 2.26 1.00 1.80 1.90 2.26 1.12 0.759 1.97 2.22 1.40 2.06 2.03 2.37 1.00
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.005 0.00 0.01 0.01 0.00 0.01 0.00 0.00
Fe3 0.00 0.14 0.00 0.00 0.26 0.75 0.54 0.855 0.00 0.05 0.27 0.94 0.14 0.00 0.00
Fe2 0.18 2.23 0.00 1.64 0.11 0.00 1.75 2.231 0.23 2.12 1.80 0.00 0.06 1.92 0.00
Mn 0.00 0.03 0.00 0.03 0.00 0.02 0.02 0.020 0.00 0.03 0.02 0.02 0.00 0.03 0.00
Mg 0.37 2.48 0.00 1.58 0.41 0.00 1.77 1.389 0.36 2.63 1.70 0.00 0.46 2.69 0.00
Ca 0.00 0.00 0.00 0.05 0.00 2.00 0.20 0.191 0.00 0.01 0.19 1.97 0.01 0.01 0.00
Na 0.02 0.03 0.96 1.80 0.02 0.00 1.79 1.758 0.03 0.04 1.75 0.00 0.03 0.02 0.97
K 0.98 0.01 0.00 0.04 0.94 0.00 0.00 0.004 0.97 0.00 0.00 0.00 0.91 0.04 0.00




TABLE 4. SELECTED MINERAL CHEMICAL ANALYSES IN PHYLLITE
Rock type Darrington Phyllite
Sample FC-37 FC-07
Mineral Ph Chl Fsp Ph Chl Fsp Grt
SiO2 51.47 26.43 69.09 50.68 25.88 70.05 36.86
TiO2 0.01 0.01 0.00 0.11 0.07 0.00 0.09
Al2O3 27.58 20.79 19.40 28.05 20.49 19.50 21.72
Cr2O3 0.00 0.00 0.00 0.00 0.00 0.00 0.01
Fe2O3 0.88 0.00 0.00 0.26 0.13 0.08 0.89
FeO 2.30 24.20 0.00 2.96 28.10 0.00 19.49
MnO 0.02 0.67 0.00 0.00 0.44 0.00 13.50
MgO 2.98 15.80 0.01 2.87 13.85 0.00 0.47
CaO 0.00 0.03 0.11 0.01 0.00 0.02 7.82
Na2O 0.31 0.19 11.16 0.47 0.05 11.22 0.03
K2O 9.59 0.14 0.02 10.05 0.08 0.03 0.00
Totals 95.14 88.26 99.79 95.46 89.09 100.90 100.88
Oxygens 11.00 14.00 8.00 11.00 14.00 8.00 12.00
Si 3.42 2.76 3.01 3.38 2.73 3.02 2.95
Ti 0.00 0.00 0.00 0.01 0.01 0.00 0.01
Al 2.16 2.56 1.00 2.20 2.55 0.99 2.05
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe3 0.04 0.00 0.00 0.01 0.01 0.00 0.05
Fe2 0.13 2.11 0.00 0.17 2.48 0.00 1.30
Mn 0.00 0.06 0.00 0.00 0.04 0.00 0.91
Mg 0.30 2.46 0.00 0.29 2.18 0.00 0.06
Ca 0.00 0.00 0.01 0.00 0.00 0.00 0.67
Na 0.04 0.04 0.94 0.06 0.01 0.94 0.01
K 0.81 0.02 0.00 0.86 0.01 0.00 0.00
Sum 6.90 10.00 4.96 6.97 10.00 4.95 8.00
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TABLE 5. SUMMARY OF GEOTHERMOMETRY RESULTS




















Amphibolite Grt-Hbl 5 S1




Amphibolite Grt-Hbl 3 S2











































































P 305 30 7
* Metamorphic temperature inferred from closure temperature (Harrison and Zeitler, 2005).
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48 26.104,    
-121 50.827
Amph Hbl S2
A 180-250 164.4±1.5 Ma - PL†
FC-82
48 26.104,    
-121 50.828















Hbl: 500+       
Wm: 250-
500
Hbl: Age gradient       
Wm: 160.1±1.3 Ma -
WMA
FC-90
48.467872,      
-121.93915
Na-Amph Sch Wm S2
N 250-500 157±1.1 Ma-WMA
FC-68





A 180-250 162.5±0.9 Ma - PL
FC-91
48 28.834,   
-121 56.149
Shuksan GS Wm S1
G 90-180 
micron
139.6±0.8 Ma – PL
FC-09
48 25.526,     
-121 46.895
Shuksan BS Wm S2
G 90-250 136.7±0.8 Ma – PL
FC-36
48 24.676,     
-121 48.321





48 28.475,   
-121 56.145
Shuksan GS Wm S2
G 250-500 No age
FC-37
48 24.726,   
-121 48.226





48 25.535,  
-121 46.826
Graph Phyll Wm S2
P 250-500 141.9 ± 1.4 Ma - PL
* WMA= Weighted Mean Age
† PL= Plateau age
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Sample 
Number Mineral Identifier SiO2 TiO2 Al2O3 Cr2O3 Fe2O3 FeO MnO MgO CaO Na2O K2O Total
O per 
formula 
unit Si Ti Al Cr Fe3+ Fe2+         Mn Mg Ca Na K Sum
FC-80B: Garnet amphibolite
Amph       41a 43.82 0.82 14.23 0.02 2.60 9.68 0.22 12.19 10.51 2.48 0.76 97.33 23.0 6.40 0.09 2.45 0.00 0.29 1.18 0.03 2.65 1.64 0.70 0.14 15.57
Amph       42a 43.70 0.79 14.35 0.13 2.50 10.08 0.21 11.85 10.62 2.30 0.80 97.33 23.0 6.39 0.09 2.47 0.02 0.28 1.23 0.03 2.58 1.66 0.65 0.15 15.54
Amph       43a 42.92 0.79 14.24 0.03 3.42 10.20 0.21 11.55 10.38 2.23 0.82 96.78 23.0 6.34 0.09 2.48 0.00 0.38 1.26 0.03 2.54 1.64 0.64 0.15 15.54
Amph       31a 43.81 0.82 13.45 0.01 2.92 9.49 0.22 12.41 10.56 2.35 0.59 96.62 23.0 6.44 0.09 2.33 0.00 0.32 1.17 0.03 2.72 1.66 0.67 0.11 15.54
Amph       32a 43.32 0.71 13.70 0.14 1.72 11.03 0.21 11.51 10.54 2.73 0.69 96.29 23.0 6.43 0.08 2.40 0.02 0.19 1.37 0.03 2.55 1.68 0.79 0.13 15.65
Amph       33a 44.73 0.62 10.89 0.07 1.28 12.19 0.20 11.59 10.35 2.73 0.53 95.18 23.0 6.73 0.07 1.93 0.01 0.15 1.53 0.03 2.60 1.67 0.80 0.10 15.61
Amph       34a 43.52 0.84 14.13 0.06 2.52 10.29 0.20 11.89 10.68 2.32 0.86 97.31 23.0 6.38 0.09 2.44 0.01 0.28 1.26 0.03 2.60 1.68 0.66 0.16 15.58
Grt       41g 38.20 0.17 22.03 0.17 1.34 22.74 1.62 5.45 8.91 0.07 0.00 100.69 12.0 2.95 0.01 2.01 0.01 0.08 1.47 0.11 0.63 0.74 0.01 0.00 8.00
Grt       42g 37.97 0.16 21.96 0.14 0.85 23.66 2.03 4.72 8.73 0.05 0.00 100.28 12.0 2.96 0.01 2.02 0.01 0.05 1.54 0.13 0.55 0.73 0.01 0.00 8.00
Grt       43g 37.68 0.13 21.80 0.00 1.58 23.09 2.83 3.37 10.06 0.07 0.00 100.61 12.0 2.95 0.01 2.01 0.00 0.09 1.51 0.19 0.39 0.84 0.01 0.00 8.00
Grt       31g 37.93 0.12 22.49 0.02 1.57 20.83 1.58 5.25 10.49 0.05 0.00 100.34 12.0 2.93 0.01 2.05 0.00 0.09 1.35 0.10 0.60 0.87 0.01 0.00 8.00
Grt       32g 38.13 0.09 22.08 0.07 1.44 21.13 1.56 5.22 10.59 0.02 0.00 100.33 12.0 2.95 0.01 2.01 0.00 0.08 1.37 0.10 0.60 0.88 0.00 0.00 8.00
Grt       33g 38.11 0.08 22.12 0.01 1.48 22.12 1.72 4.71 10.23 0.06 0.00 100.64 12.0 2.95 0.01 2.02 0.00 0.09 1.43 0.11 0.54 0.85 0.01 0.00 8.00
Grt       34g 37.85 0.03 21.98 0.02 1.05 24.52 2.61 4.31 8.15 0.00 0.00 100.51 12.0 2.96 0.00 2.02 0.00 0.06 1.60 0.17 0.50 0.68 0.00 0.00 8.00
Grt       35g 38.17 0.14 22.23 0.06 1.45 22.15 1.72 5.00 9.94 0.05 0.00 100.91 12.0 2.94 0.01 2.02 0.00 0.08 1.43 0.11 0.57 0.82 0.01 0.00 8.00
Grt       36g 37.88 0.10 22.16 0.11 1.69 21.02 1.64 5.35 10.17 0.03 0.00 100.15 12.0 2.93 0.01 2.02 0.01 0.10 1.36 0.11 0.62 0.84 0.01 0.00 8.00
Grt       37g 37.98 0.05 22.10 0.09 1.64 22.07 1.79 4.65 10.05 0.09 0.00 100.50 12.0 2.94 0.00 2.02 0.01 0.10 1.43 0.12 0.54 0.84 0.01 0.00 8.00
Grt       44g 37.81 0.02 22.28 0.04 0.90 22.81 1.92 4.76 9.18 0.05 0.00 99.77 12.0 2.95 0.00 2.05 0.00 0.05 1.49 0.13 0.55 0.77 0.01 0.00 8.00
Grt       45g 37.60 0.02 21.85 0.07 1.46 23.03 1.87 4.99 8.60 0.03 0.00 99.53 12.0 2.95 0.00 2.02 0.00 0.09 1.51 0.12 0.58 0.72 0.01 0.00 8.00
Grt       46g 37.71 0.09 22.17 0.15 1.81 22.40 1.77 5.38 8.71 0.05 0.00 100.24 12.0 2.93 0.01 2.03 0.01 0.11 1.45 0.12 0.62 0.72 0.01 0.00 8.00
Grt       11g 37.46 0.23 21.58 0.00 1.59 21.19 4.12 1.99 12.56 0.00 0.00 100.72 12.0 2.94 0.01 2.00 0.00 0.09 1.39 0.27 0.23 1.06 0.00 0.00 8.00
Grt       12g 38.88 0.12 19.74 0.01 1.99 19.50 3.59 2.77 12.94 0.42 0.00 99.96 12.0 3.05 0.01 1.83 0.00 0.12 1.28 0.24 0.32 1.09 0.06 0.00 8.00
Grt       13g 37.68 0.21 21.60 0.01 1.41 21.36 4.00 2.03 12.29 0.10 0.00 100.69 12.0 2.96 0.01 2.00 0.00 0.08 1.40 0.27 0.24 1.03 0.02 0.00 8.00
Grt       14g 37.64 0.21 21.45 0.02 1.11 21.96 3.86 2.02 12.13 0.04 0.00 100.44 12.0 2.96 0.01 1.99 0.00 0.07 1.45 0.26 0.24 1.02 0.01 0.00 8.00
FC-83: Garnet amphibolite
Amph       41a 42.76 0.59 14.08 0.03 2.42 13.06 0.19 10.01 10.47 2.51 0.66 96.77 23.0 6.38 0.07 2.48 0.00 0.27 1.63 0.02 2.23 1.67 0.73 0.13 15.60
Amph       31a 43.24 0.51 13.19 0.00 3.27 12.08 0.21 10.71 10.28 2.49 0.45 96.43 23.0 6.45 0.06 2.32 0.00 0.37 1.51 0.03 2.38 1.64 0.72 0.09 15.55
Amph       32a 39.93 0.58 15.98 0.00 2.27 13.87 0.17 8.78 10.69 2.71 0.58 95.56 23.0 6.09 0.07 2.87 0.00 0.26 1.77 0.02 2.00 1.75 0.80 0.11 15.74
Amph       33a 42.92 0.60 13.32 0.00 3.12 12.20 0.23 10.71 10.37 2.59 0.49 96.55 23.0 6.41 0.07 2.34 0.00 0.35 1.52 0.03 2.38 1.66 0.75 0.09 15.60
Amph       24a 42.20 0.53 14.31 0.01 2.85 12.80 0.21 10.06 10.36 2.72 0.58 96.63 23.0 6.31 0.06 2.52 0.00 0.32 1.60 0.03 2.24 1.66 0.79 0.11 15.65
Amph       12a 54.96 0.06 10.61 0.00 1.34 13.92 0.12 7.51 0.81 6.52 0.05 95.89 23.0 7.88 0.01 1.79 0.00 0.14 1.67 0.02 1.61 0.12 1.81 0.01 15.06
Amph       14a 42.27 0.61 13.89 0.01 2.95 12.38 0.13 10.40 10.43 2.52 0.59 96.19 23.0 6.34 0.07 2.46 0.00 0.33 1.55 0.02 2.33 1.68 0.73 0.11 15.62
Amph       15a 41.59 0.61 13.07 0.01 3.46 12.10 0.16 10.17 9.88 2.54 0.50 94.09 23.0 6.38 0.07 2.36 0.00 0.40 1.55 0.02 2.33 1.62 0.76 0.10 15.59
Amph       35a 54.40 0.04 12.09 0.03 0.90 12.43 0.06 7.80 0.89 6.58 0.08 95.30 23.0 7.78 0.00 2.04 0.00 0.10 1.49 0.01 1.66 0.14 1.83 0.02 15.06
Grt       41g 37.37 0.16 21.65 0.03 1.41 21.68 3.48 1.91 12.55 0.03 0.00 100.27 12.0 2.95 0.01 2.01 0.00 0.08 1.43 0.23 0.22 1.06 0.01 0.00 8.00
Grt       42g 37.52 0.21 21.57 0.03 1.76 21.37 3.42 2.02 12.75 0.06 0.00 100.72 12.0 2.94 0.01 1.99 0.00 0.10 1.40 0.23 0.24 1.07 0.01 0.00 8.00
Grt       43g 37.53 0.20 21.43 0.00 1.56 21.33 3.51 2.05 12.71 0.05 0.00 100.37 12.0 2.95 0.01 1.99 0.00 0.09 1.40 0.23 0.24 1.07 0.01 0.00 8.00
Grt       44g 37.56 0.18 21.59 0.03 1.58 21.90 3.17 2.03 12.50 0.07 0.00 100.62 12.0 2.95 0.01 2.00 0.00 0.09 1.44 0.21 0.24 1.05 0.01 0.00 8.00
Grt       45g 37.63 0.14 21.44 0.05 0.99 22.79 3.01 2.03 12.23 0.00 0.00 100.31 12.0 2.97 0.01 1.99 0.00 0.06 1.50 0.20 0.24 1.03 0.00 0.00 8.00
APPENDIX A: COMPOSITIONS OF ALL MINERALS ANALYZED BY ELECTRON PROBE MICRO ANALYZER
Cations per Formula UnitOxide Percent
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Sample 
Number Mineral Identifier SiO2 TiO2 Al2O3 Cr2O3 Fe2O3 FeO MnO MgO CaO Na2O K2O Total
O per 
formula 
unit Si Ti Al Cr Fe3+ Fe2+         Mn Mg Ca Na K Sum
Grt       31g 37.61 0.22 21.62 0.00 1.30 21.73 3.67 1.96 12.52 0.04 0.00 100.67 12.0 2.95 0.01 2.00 0.00 0.08 1.43 0.24 0.23 1.05 0.01 0.00 8.00
Grt       32g 37.28 0.16 21.20 0.00 1.52 21.77 3.40 1.98 12.36 0.03 0.00 99.70 12.0 2.96 0.01 1.98 0.00 0.09 1.44 0.23 0.23 1.05 0.01 0.00 8.00
Grt       33g 37.40 0.13 21.67 0.00 1.00 22.79 2.91 1.96 12.00 0.05 0.00 99.91 12.0 2.96 0.01 2.02 0.00 0.06 1.51 0.20 0.23 1.02 0.01 0.00 8.00
Grt       34g 37.53 0.15 21.58 0.00 1.26 22.14 2.73 2.21 12.58 0.01 0.00 100.20 12.0 2.95 0.01 2.00 0.00 0.08 1.46 0.18 0.26 1.06 0.00 0.00 8.00
Chl       11c 26.05 0.03 20.64 0.02 0.18 25.66 0.18 15.67 0.02 0.05 0.01 88.51 14.0 2.72 0.00 2.54 0.00 0.01 2.24 0.02 2.44 0.00 0.01 0.00 10.00
FC-84: Tremolite-hornblende-White mica Schist
Amph       21a 47.47 0.35 11.09 0.23 3.66 6.26 0.26 14.97 9.94 2.52 0.24 96.99 23.0 6.80 0.04 1.87 0.03 0.39 0.75 0.03 3.20 1.53 0.70 0.05 15.39
Amph       22a 48.01 0.28 10.21 0.20 2.30 6.70 0.20 15.60 10.98 2.20 0.26 96.95 23.0 6.88 0.03 1.73 0.02 0.25 0.80 0.03 3.33 1.69 0.61 0.05 15.42
Amph       23a 49.00 0.29 9.12 0.15 2.37 6.70 0.17 15.98 11.09 1.93 0.22 97.01 23.0 7.01 0.03 1.54 0.02 0.26 0.80 0.02 3.41 1.70 0.53 0.04 15.35
Amph       61a 56.23 0.02 1.23 0.06 1.01 6.30 0.26 19.31 11.79 0.96 0.07 97.25 23.0 7.90 0.00 0.20 0.01 0.11 0.74 0.03 4.04 1.77 0.26 0.01 15.08
Amph       62a 50.98 0.16 6.45 0.25 2.43 6.11 0.20 17.22 11.45 1.34 0.17 96.76 23.0 7.27 0.02 1.09 0.03 0.26 0.73 0.02 3.66 1.75 0.37 0.03 15.23
Amph       51a 53.13 0.02 2.74 0.05 2.02 10.37 0.29 15.74 10.93 1.31 0.27 96.87 23.0 7.69 0.00 0.47 0.01 0.22 1.25 0.04 3.39 1.69 0.37 0.05 15.18
Amph       52a 47.82 0.31 9.99 0.05 1.48 7.60 0.22 15.42 11.52 2.11 0.24 96.77 23.0 6.89 0.03 1.70 0.01 0.16 0.92 0.03 3.31 1.78 0.59 0.05 15.46
Amph       31a 47.77 0.34 9.79 0.02 1.08 8.53 0.16 15.06 11.67 2.10 0.24 96.76 23.0 6.91 0.04 1.67 0.00 0.12 1.03 0.02 3.25 1.81 0.59 0.05 15.48
Amph       32a 51.73 0.18 6.66 0.05 3.15 5.66 0.25 17.45 10.99 1.62 0.09 97.85 23.0 7.28 0.02 1.11 0.01 0.33 0.67 0.03 3.66 1.66 0.44 0.02 15.21
Amph       33a 47.22 0.41 10.75 0.07 1.74 7.65 0.20 15.16 11.37 2.30 0.28 97.13 23.0 6.79 0.04 1.82 0.01 0.19 0.92 0.03 3.25 1.75 0.64 0.05 15.50
Amph       24a 47.88 0.27 9.71 0.16 1.86 6.99 0.21 15.74 11.54 1.90 0.24 96.48 23.0 6.91 0.03 1.65 0.02 0.20 0.84 0.03 3.38 1.78 0.53 0.04 15.42
Amph       25a 47.67 0.34 10.27 0.08 1.90 7.22 0.21 15.32 11.28 2.04 0.24 96.57 23.0 6.87 0.04 1.75 0.01 0.21 0.87 0.03 3.29 1.74 0.57 0.04 15.42
Amph       26a 47.54 0.35 10.63 0.14 2.59 6.78 0.16 15.37 11.06 2.04 0.26 96.92 23.0 6.83 0.04 1.80 0.02 0.28 0.81 0.02 3.29 1.70 0.57 0.05 15.40
Amph      41aa 53.30 0.13 5.54 0.00 1.14 7.50 0.27 17.50 12.38 1.00 0.09 98.85 23.0 7.44 0.01 0.91 0.00 0.12 0.88 0.03 3.64 1.85 0.27 0.02 15.17
Chl       42c 27.77 0.02 20.25 0.00 0.00 18.72 0.26 20.61 0.05 0.06 0.00 87.74 14.0 2.82 0.00 2.42 0.00 0.00 1.59 0.02 3.11 0.01 0.01 0.00 9.98
Amph      51aa 53.41 0.18 5.34 0.00 0.80 7.81 0.27 17.53 12.52 1.01 0.16 99.04 23.0 7.45 0.02 0.88 0.00 0.08 0.91 0.03 3.65 1.87 0.27 0.03 15.20
Amph      31aa 55.62 0.04 2.86 0.00 0.27 7.70 0.27 18.59 12.84 0.67 0.07 98.93 23.0 7.73 0.00 0.47 0.00 0.03 0.90 0.03 3.85 1.91 0.18 0.01 15.11
Chl       32c 27.47 0.05 19.08 0.00 0.00 22.86 0.60 17.67 0.03 0.08 0.04 87.89 14.0 2.85 0.00 2.34 0.00 0.00 1.99 0.05 2.73 0.00 0.02 0.01 9.99
Amph      43aa 55.01 0.02 1.76 0.00 1.57 10.51 0.47 16.77 12.15 0.81 0.11 99.17 23.0 7.76 0.00 0.29 0.00 0.17 1.24 0.06 3.53 1.84 0.22 0.02 15.13
Wm*       21m 53.14 0.09 24.22 0.19 0.00 2.34 0.11 4.36 0.02 0.17 11.06 95.71 11.0 3.54 0.01 1.90 0.01 0.00 0.13 0.01 0.43 0.00 0.02 0.94 6.99
Wm       22m 49.51 0.54 25.26 0.34 1.87 1.28 0.07 4.24 0.01 0.18 10.72 94.03 11.0 3.37 0.03 2.03 0.02 0.10 0.07 0.00 0.43 0.00 0.02 0.93 7.01
Wm       23m 47.94 0.49 30.38 0.29 0.00 1.54 0.00 2.73 0.02 0.55 10.54 94.47 11.0 3.23 0.03 2.41 0.02 0.00 0.09 0.00 0.27 0.00 0.07 0.91 7.02
Wm       24m 51.30 0.13 25.72 0.09 0.00 2.31 0.07 4.08 0.01 0.31 11.14 95.15 11.0 3.44 0.01 2.04 0.01 0.00 0.13 0.00 0.41 0.00 0.04 0.95 7.03
Wm       41m 50.24 0.16 26.93 0.12 0.00 2.08 0.05 3.64 0.01 0.23 10.88 94.36 11.0 3.39 0.01 2.14 0.01 0.00 0.12 0.00 0.37 0.00 0.03 0.94 7.01
Wm       25m 48.46 0.57 30.84 0.15 0.00 1.48 0.02 2.63 0.02 0.74 10.44 95.35 11.0 3.23 0.03 2.42 0.01 0.00 0.08 0.00 0.26 0.00 0.10 0.89 7.02
Wm       61m 48.13 0.68 30.88 0.26 0.00 1.32 0.00 2.65 0.00 1.02 9.60 94.54 11.0 3.22 0.03 2.44 0.01 0.00 0.07 0.00 0.26 0.00 0.13 0.82 7.00
Wm       62m 49.09 0.39 28.94 0.27 0.00 1.83 0.02 3.13 0.05 0.61 10.55 94.88 11.0 3.30 0.02 2.29 0.01 0.00 0.10 0.00 0.31 0.00 0.08 0.90 7.02
Wm       11m 46.78 0.64 31.61 0.27 0.00 1.40 0.00 2.23 0.00 0.88 10.07 93.87 11.0 3.17 0.03 2.52 0.01 0.00 0.08 0.00 0.23 0.00 0.12 0.87 7.03
Wm       12m 48.40 0.68 30.51 0.16 0.00 1.43 0.04 2.66 0.01 0.90 10.13 94.90 11.0 3.24 0.03 2.41 0.01 0.00 0.08 0.00 0.27 0.00 0.12 0.86 7.01
Wm       51m 48.03 0.61 30.45 0.08 0.00 1.68 0.00 2.81 0.00 0.61 10.45 94.74 11.0 3.23 0.03 2.41 0.00 0.00 0.10 0.00 0.28 0.00 0.08 0.90 7.02
Wm       31m 47.81 0.64 30.81 0.02 0.00 1.35 0.05 2.57 0.03 0.68 9.98 93.93 11.0 3.22 0.03 2.45 0.00 0.00 0.08 0.00 0.26 0.00 0.09 0.86 6.99
FC-68: Garnet-Hornblende-White mica schist
Chl       36c 27.05 0.02 18.01 0.01 0.33 28.35 0.60 14.07 0.13 0.12 0.03 88.73 14.0 2.87 0.00 2.26 0.00 0.03 2.52 0.05 2.23 0.02 0.03 0.00 10.00
Chl       37c 26.67 0.03 18.05 0.10 0.51 28.37 0.56 13.77 0.17 0.10 0.04 88.37 14.0 2.85 0.00 2.27 0.01 0.04 2.54 0.05 2.19 0.02 0.02 0.01 10.00
Chl       38c 26.48 0.04 18.62 0.05 0.08 28.50 0.53 13.69 0.01 0.08 0.08 88.16 14.0 2.83 0.00 2.35 0.01 0.01 2.55 0.05 2.18 0.00 0.02 0.01 10.00
Chl       39c 26.89 0.05 17.81 0.10 0.00 28.24 0.50 13.69 0.18 0.11 0.04 87.61 14.0 2.89 0.00 2.26 0.01 0.00 2.54 0.05 2.19 0.02 0.02 0.01 9.99
Wm       31m 49.44 0.40 28.05 0.10 0.00 2.25 0.00 3.03 0.01 0.69 10.73 94.71 11.0 3.33 0.02 2.23 0.01 0.00 0.13 0.00 0.31 0.00 0.09 0.92 7.04
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Sample 
Number Mineral Identifier SiO2 TiO2 Al2O3 Cr2O3 Fe2O3 FeO MnO MgO CaO Na2O K2O Total
O per 
formula 
unit Si Ti Al Cr Fe3+ Fe2+         Mn Mg Ca Na K Sum
Wm       32m 50.45 0.23 28.29 0.03 0.00 2.68 0.02 3.09 0.01 0.53 10.76 96.10 11.0 3.35 0.01 2.22 0.00 0.00 0.15 0.00 0.31 0.00 0.07 0.91 7.02
Wm       33m 49.11 0.52 27.73 0.03 0.00 2.57 0.00 2.95 0.00 0.67 10.71 94.29 11.0 3.33 0.03 2.22 0.00 0.00 0.15 0.00 0.30 0.00 0.09 0.93 7.04
Wm       34m 49.00 0.19 27.00 0.02 0.00 2.70 0.01 3.13 0.03 0.61 10.57 93.27 11.0 3.36 0.01 2.18 0.00 0.00 0.16 0.00 0.32 0.00 0.08 0.93 7.04
Wm       35m 49.63 0.48 29.84 0.03 0.00 2.19 0.06 2.79 0.00 1.01 10.14 96.17 11.0 3.28 0.02 2.33 0.00 0.00 0.12 0.00 0.28 0.00 0.13 0.86 7.02
FC-82: Quartz-White mica-Glaucophane Blueschist
Amph  51c-amph 57.23 0.10 11.55 0.10 0.00 14.08 0.37 7.06 0.23 6.85 0.07 97.65 23.0 7.99 0.01 1.90 0.01 0.00 1.64 0.04 1.47 0.04 1.85 0.01 14.97
Amph  52c-amph 56.86 0.14 10.53 0.14 0.00 13.11 0.39 8.20 0.67 6.52 0.05 96.61 23.0 8.01 0.02 1.75 0.02 0.00 1.54 0.05 1.72 0.10 1.78 0.01 14.99
Amph  62c-amph 57.77 0.29 10.45 0.29 0.00 16.57 0.25 6.89 0.23 6.59 0.03 99.36 23.0 8.02 0.03 1.71 0.03 0.00 1.92 0.03 1.42 0.03 1.77 0.01 14.97
Amph  65c-amph 56.00 0.06 10.41 0.06 0.00 15.29 0.20 7.18 0.52 6.42 0.06 96.20 23.0 8.00 0.01 1.75 0.01 0.00 1.83 0.02 1.53 0.08 1.78 0.01 15.01
Amph  66c-amph 55.72 0.10 10.65 0.10 1.63 13.10 0.35 7.56 0.57 6.93 0.03 96.73 23.0 7.90 0.01 1.78 0.01 0.17 1.55 0.04 1.60 0.09 1.90 0.01 15.06
Grt       11g 37.96 0.14 21.94 0.01 0.17 24.30 3.20 2.54 10.31 0.05 0.00 100.63 12.0 2.98 0.01 2.03 0.00 0.01 1.59 0.21 0.30 0.87 0.01 0.00 8.00
Grt       12g 37.69 0.13 21.51 0.00 0.62 23.03 4.59 2.37 10.35 0.00 0.00 100.30 12.0 2.97 0.01 2.00 0.00 0.04 1.52 0.31 0.28 0.88 0.00 0.00 8.00
Grt       13g 37.35 0.23 21.61 0.02 1.51 22.04 5.62 2.27 10.07 0.04 0.00 100.76 12.0 2.94 0.01 2.01 0.00 0.09 1.45 0.38 0.27 0.85 0.01 0.00 8.00
Grt       14g 36.26 0.20 21.05 0.03 2.24 19.12 6.90 1.96 10.65 0.06 0.00 98.47 12.0 2.92 0.01 2.00 0.00 0.14 1.29 0.47 0.24 0.92 0.01 0.00 8.00
Grt       51g 37.44 0.15 21.61 0.01 1.21 23.77 3.02 2.39 10.76 0.01 0.00 100.35 12.0 2.95 0.01 2.01 0.00 0.07 1.57 0.20 0.28 0.91 0.00 0.00 8.00
Grt       52g 37.07 0.13 21.22 0.00 1.45 21.75 6.77 2.18 9.28 0.01 0.00 99.87 12.0 2.95 0.01 1.99 0.00 0.09 1.45 0.46 0.26 0.79 0.00 0.00 8.00
Grt       53g 37.27 0.08 21.53 0.02 0.77 27.13 1.60 2.94 8.03 0.07 0.00 99.45 12.0 2.97 0.01 2.02 0.00 0.05 1.81 0.11 0.35 0.69 0.01 0.00 8.00
Grt       54g 37.20 0.17 21.46 0.01 1.12 23.69 3.31 2.41 10.18 0.05 0.00 99.59 12.0 2.96 0.01 2.01 0.00 0.07 1.57 0.22 0.29 0.87 0.01 0.00 8.00
Grt       61g 37.05 0.19 21.39 0.01 2.07 20.30 6.34 1.94 10.94 0.06 0.00 100.31 12.0 2.93 0.01 2.00 0.00 0.12 1.34 0.43 0.23 0.93 0.01 0.00 8.00
Grt       62g 37.45 0.11 21.70 0.02 1.04 24.59 2.63 2.75 9.65 0.08 0.00 100.02 12.0 2.96 0.01 2.02 0.00 0.06 1.63 0.18 0.32 0.82 0.01 0.00 8.00
Grt       63g 37.23 0.21 21.51 0.04 1.64 18.89 8.74 1.92 10.45 0.04 0.00 100.66 12.0 2.94 0.01 2.00 0.00 0.10 1.25 0.58 0.23 0.88 0.01 0.00 8.00
Ab       61f 37.72 0.00 21.86 0.00 27.51 0.00 2.71 2.72 11.15 0.01 0.00 103.67 8.0 1.85 0.00 1.26 0.00 1.01 0.00 0.11 0.20 0.59 0.00 0.00 5.02
Wm       13m 49.38 0.64 29.64 0.01 0.00 1.88 0.00 2.80 0.04 0.98 10.26 95.63 11.0 3.28 0.03 2.32 0.00 0.00 0.11 0.00 0.28 0.00 0.13 0.87 7.02
Wm       14m 51.21 0.34 23.12 0.00 0.00 3.24 0.05 4.16 0.01 0.45 10.78 93.36 11.0 3.52 0.02 1.87 0.00 0.00 0.19 0.00 0.43 0.00 0.06 0.95 7.03
Wm       16m 50.07 0.12 25.03 0.00 0.00 2.75 0.04 3.50 0.01 0.24 11.11 92.88 11.0 3.45 0.01 2.04 0.00 0.00 0.16 0.00 0.36 0.00 0.03 0.98 7.03
Wm       51m 49.62 0.52 28.72 0.00 0.00 2.14 0.06 2.85 0.00 0.75 10.29 94.94 11.0 3.32 0.03 2.27 0.00 0.00 0.12 0.00 0.28 0.00 0.10 0.88 7.00
Wm       52m 48.62 0.59 30.40 0.00 0.00 2.06 0.00 2.46 0.00 0.92 10.18 95.25 11.0 3.25 0.03 2.39 0.00 0.00 0.12 0.00 0.25 0.00 0.12 0.87 7.02
Wm-Amph      53mA 54.48 0.45 9.93 0.00 13.39 5.16 0.30 8.34 1.02 6.07 0.10 99.24 11.0 3.60 0.02 0.77 0.00 0.67 0.29 0.02 0.82 0.07 0.78 0.01 7.05
Wm       54m 46.90 0.75 28.48 0.00 0.86 2.58 0.02 2.55 0.00 0.78 10.02 92.94 11.0 3.24 0.04 2.32 0.00 0.05 0.15 0.00 0.26 0.00 0.11 0.88 7.04
Wm       61m 48.05 0.73 31.45 0.07 0.00 1.52 0.01 2.42 0.00 1.39 9.77 95.41 11.0 3.20 0.04 2.47 0.00 0.00 0.09 0.00 0.24 0.00 0.18 0.83 7.04
Wm       62m 47.98 0.72 30.50 0.03 0.00 2.29 0.02 2.43 0.04 0.95 9.95 94.90 11.0 3.22 0.04 2.41 0.00 0.00 0.13 0.00 0.24 0.00 0.12 0.85 7.02
Wm       66m 48.16 0.70 31.40 0.04 0.00 1.63 0.05 2.29 0.00 1.33 9.61 95.22 11.0 3.21 0.04 2.47 0.00 0.00 0.09 0.00 0.23 0.00 0.17 0.82 7.02
Amph       11a 57.26 0.10 11.28 0.00 0.00 14.26 0.28 7.37 0.13 6.70 0.01 97.38 23.0 8.01 0.01 1.86 0.00 0.00 1.67 0.03 1.54 0.02 1.82 0.00 14.96
Amph       12a 54.23 0.55 11.38 0.02 1.67 13.35 0.26 7.99 0.78 6.42 0.08 96.74 23.0 7.71 0.06 1.91 0.00 0.18 1.59 0.03 1.69 0.12 1.77 0.02 15.08
Amph       13a 56.60 0.18 11.05 0.02 0.00 14.25 0.23 7.30 0.34 6.73 0.03 96.74 23.0 7.99 0.02 1.84 0.00 0.00 1.68 0.03 1.54 0.05 1.84 0.01 15.00
Amph       14a 55.38 0.19 10.50 0.00 1.43 13.02 0.33 8.56 0.85 6.38 0.03 96.68 23.0 7.85 0.02 1.75 0.00 0.15 1.54 0.04 1.81 0.13 1.75 0.01 15.06
Amph       51a 57.18 0.00 11.02 0.00 0.56 12.13 0.24 8.61 0.20 6.98 0.00 96.91 23.0 7.99 0.00 1.82 0.00 0.06 1.42 0.03 1.79 0.03 1.89 0.00 15.02
Amph       52a 56.62 0.16 10.88 0.00 0.22 12.05 0.37 9.23 1.05 6.34 0.07 96.98 23.0 7.92 0.02 1.79 0.00 0.02 1.41 0.04 1.92 0.16 1.72 0.01 15.02
Amph       53a 55.95 0.28 10.92 0.04 0.56 14.73 0.36 6.77 0.29 6.85 0.04 96.80 23.0 7.94 0.03 1.83 0.01 0.06 1.75 0.04 1.43 0.05 1.89 0.01 15.03
Amph       54a 56.64 0.14 9.61 0.04 1.01 11.79 0.41 9.69 1.60 6.20 0.04 97.16 23.0 7.94 0.02 1.59 0.01 0.11 1.38 0.05 2.02 0.24 1.69 0.01 15.04
Amph       55a 55.36 0.37 10.83 0.01 1.41 12.72 0.31 8.05 0.34 6.81 0.02 96.22 23.0 7.87 0.04 1.81 0.00 0.15 1.51 0.04 1.71 0.05 1.88 0.00 15.05
Amph       61a 56.50 0.32 11.70 0.01 0.74 11.15 0.40 9.26 1.16 6.55 0.04 97.83 23.0 7.82 0.03 1.91 0.00 0.08 1.29 0.05 1.91 0.17 1.76 0.01 15.03
Amph       62a 56.15 0.43 11.36 0.02 0.45 11.88 0.40 8.76 1.01 6.53 0.06 97.05 23.0 7.86 0.05 1.87 0.00 0.05 1.39 0.05 1.83 0.15 1.77 0.01 15.03
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Sample 
Number Mineral Identifier SiO2 TiO2 Al2O3 Cr2O3 Fe2O3 FeO MnO MgO CaO Na2O K2O Total
O per 
formula 
unit Si Ti Al Cr Fe3+ Fe2+         Mn Mg Ca Na K Sum
Amph       63a 57.01 0.15 10.49 0.04 0.31 13.86 0.32 8.09 0.50 6.65 0.02 97.44 23.0 7.99 0.02 1.73 0.01 0.03 1.62 0.04 1.69 0.08 1.81 0.00 15.01
Amph       64a 56.83 0.33 11.54 0.02 0.32 11.53 0.36 8.98 0.94 6.66 0.04 97.55 23.0 7.89 0.04 1.89 0.00 0.03 1.34 0.04 1.86 0.14 1.79 0.01 15.02
Amph       66a 56.51 0.29 11.02 0.02 1.03 11.15 0.35 9.15 0.96 6.72 0.01 97.21 23.0 7.88 0.03 1.81 0.00 0.11 1.30 0.04 1.90 0.14 1.82 0.00 15.04
Amph       67a 56.74 0.24 10.04 0.03 0.50 12.61 0.44 9.24 1.52 6.15 0.04 97.56 23.0 7.93 0.03 1.66 0.00 0.05 1.48 0.05 1.93 0.23 1.67 0.01 15.02
FC-90: Glaucophane-White mica-Epidote Blueschist
Ep       21e 37.14 0.14 24.78 0.00 11.52 0.00 0.41 0.03 23.36 0.04 0.00 97.42 12.5 2.96 0.01 2.33 0.00 0.69 0.00 0.03 0.00 2.00 0.01 0.00 8.02
Ep       22e 37.33 0.18 25.87 0.00 10.16 0.00 0.35 0.06 23.18 0.04 0.00 97.17 12.5 2.96 0.01 2.42 0.00 0.61 0.00 0.02 0.01 1.97 0.01 0.00 8.01
Ep       11e 36.71 0.08 24.08 0.00 12.39 0.00 0.39 0.00 22.83 0.02 0.02 96.52 12.5 2.96 0.01 2.29 0.00 0.75 0.00 0.03 0.00 1.97 0.00 0.00 8.02
Ep       12e 37.21 0.13 24.92 0.00 11.57 0.00 0.36 0.08 22.68 0.01 0.03 96.99 12.5 2.97 0.01 2.35 0.00 0.70 0.00 0.02 0.01 1.94 0.00 0.00 8.00
Ep       13e 36.46 0.06 24.83 0.00 11.26 0.00 0.27 0.02 23.26 0.02 0.04 96.22 12.5 2.94 0.00 2.36 0.00 0.68 0.00 0.02 0.00 2.01 0.00 0.00 8.03
Ep       31e 37.23 0.08 25.13 0.00 11.28 0.00 0.23 0.04 23.45 0.00 0.01 97.45 12.5 2.96 0.01 2.36 0.00 0.68 0.00 0.02 0.01 2.00 0.00 0.00 8.02
Chl       21c 26.53 0.04 18.95 0.03 1.55 21.92 0.67 17.75 0.06 0.07 0.00 87.56 14.0 2.77 0.00 2.34 0.00 0.12 1.92 0.06 2.77 0.01 0.01 0.00 10.00
Amph       22a 55.96 0.01 10.42 0.03 1.04 12.54 0.16 8.90 0.76 6.54 0.32 96.68 23.0 7.91 0.00 1.74 0.00 0.11 1.48 0.02 1.87 0.12 1.79 0.06 15.09
Amph       23a 56.08 0.01 10.14 0.06 1.19 12.45 0.15 8.81 0.75 6.57 0.03 96.24 23.0 7.94 0.00 1.69 0.01 0.13 1.47 0.02 1.86 0.11 1.80 0.01 15.05
Amph       24a 55.67 0.01 9.58 0.06 1.53 12.79 0.22 8.98 1.18 6.26 0.02 96.30 23.0 7.92 0.00 1.61 0.01 0.16 1.52 0.03 1.90 0.18 1.73 0.00 15.06
Wm      25m 49.75 0.08 24.61 0.03 0.81 3.07 0.04 3.78 0.02 0.15 10.89 93.23 11.0 3.43 0.00 2.00 0.00 0.04 0.18 0.00 0.39 0.00 0.02 0.96 7.03
Amph       26a 55.68 0.03 10.19 0.05 1.64 12.44 0.14 8.85 0.95 6.49 0.03 96.48 23.0 7.89 0.00 1.70 0.01 0.18 1.47 0.02 1.87 0.14 1.78 0.01 15.06
Amph       27a 55.99 0.04 10.32 0.06 1.24 12.76 0.11 8.67 0.66 6.58 0.03 96.45 23.0 7.92 0.00 1.72 0.01 0.13 1.51 0.01 1.83 0.10 1.81 0.01 15.05
Amph       28a 56.03 0.16 10.38 0.03 1.07 12.65 0.14 8.72 0.84 6.52 0.01 96.55 23.0 7.92 0.02 1.73 0.00 0.11 1.49 0.02 1.84 0.13 1.79 0.00 15.04
Chl      11cc 27.24 0.00 17.64 0.06 0.75 23.53 0.59 16.75 0.36 0.11 0.07 87.11 14.0 2.88 0.00 2.20 0.01 0.06 2.08 0.05 2.64 0.04 0.02 0.01 10.00
Amph       12a 55.20 0.01 10.19 0.01 1.89 12.20 0.17 8.84 1.23 6.39 0.03 96.16 23.0 7.86 0.00 1.71 0.00 0.20 1.45 0.02 1.88 0.19 1.76 0.01 15.07
Amph       13a 52.44 0.03 10.57 0.06 3.18 12.57 0.24 9.83 0.86 5.80 0.02 95.60 23.0 7.58 0.00 1.80 0.01 0.35 1.52 0.03 2.12 0.13 1.63 0.00 15.16
Amph       14a 54.16 0.03 13.89 0.04 0.00 11.01 0.12 7.47 0.54 4.96 2.85 95.07 23.0 7.76 0.00 2.35 0.01 0.00 1.32 0.02 1.59 0.08 1.38 0.52 15.02
Amph       15a 50.66 0.05 11.46 0.03 3.46 13.37 0.25 10.38 0.84 5.21 0.03 95.74 23.0 7.35 0.01 1.96 0.00 0.38 1.62 0.03 2.25 0.13 1.47 0.01 15.21
Wm       21m 49.54 0.22 25.85 0.01 2.62 2.73 0.05 3.48 0.00 0.21 11.34 96.05 11.0 3.34 0.01 2.06 0.00 0.13 0.15 0.00 0.35 0.00 0.03 0.98 7.05
Wm       22m 47.92 0.72 30.49 0.12 0.04 3.48 0.00 1.94 0.02 0.98 10.10 95.81 11.0 3.21 0.04 2.41 0.01 0.00 0.20 0.00 0.19 0.00 0.13 0.86 7.04
Wm       23m 49.99 0.35 27.00 0.14 0.00 3.97 0.03 2.97 0.03 0.47 11.03 95.98 11.0 3.36 0.02 2.14 0.01 0.00 0.22 0.00 0.30 0.00 0.06 0.95 7.05
Wm       24m 50.84 0.20 26.86 0.10 0.00 3.23 0.05 3.22 0.02 0.44 11.12 96.08 11.0 3.40 0.01 2.12 0.01 0.00 0.18 0.00 0.32 0.00 0.06 0.95 7.04
Wm       25m 51.49 0.11 25.44 0.03 0.00 2.98 0.00 3.67 0.00 0.20 11.39 95.31 11.0 3.46 0.01 2.02 0.00 0.00 0.17 0.00 0.37 0.00 0.03 0.98 7.03
Wm       26m 47.64 0.67 30.10 0.08 0.72 3.16 0.00 2.08 0.01 1.12 9.92 95.49 11.0 3.20 0.03 2.39 0.00 0.04 0.18 0.00 0.21 0.00 0.15 0.85 7.05
Wm       11m 48.15 0.49 30.33 0.17 0.00 2.94 0.01 2.10 0.00 1.09 9.86 95.14 11.0 3.23 0.03 2.40 0.01 0.00 0.17 0.00 0.21 0.00 0.14 0.85 7.03
Wm       12m 47.70 0.39 31.14 0.03 0.10 2.92 0.04 1.92 0.04 1.48 9.21 94.97 11.0 3.20 0.02 2.46 0.00 0.01 0.16 0.00 0.19 0.00 0.19 0.79 7.04
Wm       13m 47.90 0.67 30.34 0.08 0.37 3.18 0.00 2.01 0.01 1.00 9.93 95.49 11.0 3.21 0.03 2.40 0.00 0.02 0.18 0.00 0.20 0.00 0.13 0.85 7.03
Wm       14m 47.27 0.76 30.57 0.05 0.63 3.05 0.00 2.00 0.01 1.03 10.11 95.48 11.0 3.18 0.04 2.43 0.00 0.03 0.17 0.00 0.20 0.00 0.13 0.87 7.05
Wm       41m 52.17 0.09 25.38 0.01 0.00 2.69 0.07 3.72 0.00 0.17 11.34 95.64 11.0 3.49 0.01 2.00 0.00 0.00 0.15 0.00 0.37 0.00 0.02 0.97 7.01
Wm       42m 49.24 0.42 28.28 0.26 0.00 3.39 0.04 2.51 0.03 0.70 10.59 95.46 11.0 3.31 0.02 2.24 0.01 0.00 0.19 0.00 0.25 0.00 0.09 0.91 7.04
FC-52C: Chlorite-Albite-White mica Schist
Amph       1aa 54.52 0.00 2.91 0.00 1.93 10.14 0.23 17.14 11.50 0.61 0.05 99.04 23.0 7.67 0.00 0.48 0.00 0.20 1.19 0.03 3.59 1.73 0.17 0.01 15.08
Chl       31c 27.49 0.00 19.89 0.00 0.00 23.09 0.36 17.72 0.03 0.08 0.00 88.66 14.0 2.82 0.00 2.41 0.00 0.00 1.98 0.03 2.71 0.00 0.02 0.00 9.98
Chl       32c 28.39 0.04 19.73 0.00 0.00 22.54 0.31 17.73 0.05 0.08 0.29 89.16 14.0 2.89 0.00 2.37 0.00 0.00 1.92 0.03 2.69 0.01 0.02 0.04 9.95
Chl       11c 27.60 0.00 19.47 0.00 0.00 21.90 0.20 17.96 0.05 0.11 0.05 87.36 14.0 2.86 0.00 2.38 0.00 0.00 1.90 0.02 2.77 0.01 0.02 0.01 9.97
Ab        1f 69.52 0.00 19.68 0.00 0.06 0.00 0.02 0.00 0.05 11.40 0.02 100.75 8.0 3.01 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.96 0.00 4.97
Ab       11f 69.21 0.00 19.52 0.00 0.07 0.00 0.00 0.02 0.08 11.46 0.00 100.36 8.0 3.01 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.97 0.00 4.98
63
Sample 
Number Mineral Identifier SiO2 TiO2 Al2O3 Cr2O3 Fe2O3 FeO MnO MgO CaO Na2O K2O Total
O per 
formula 
unit Si Ti Al Cr Fe3+ Fe2+         Mn Mg Ca Na K Sum
Wm        1m 50.34 0.08 25.68 0.09 2.68 1.03 0.08 4.57 0.07 0.21 10.69 95.53 11.0 3.37 0.00 2.03 0.01 0.14 0.06 0.00 0.46 0.01 0.03 0.91 7.01
Wm       31m 52.05 0.08 25.88 0.00 0.00 2.75 0.03 3.92 0.00 0.24 11.27 96.21 11.0 3.46 0.00 2.03 0.00 0.00 0.15 0.00 0.39 0.00 0.03 0.96 7.02
Wm       32m 50.32 0.38 24.72 0.05 2.88 1.11 0.00 4.72 0.27 0.18 10.33 94.96 11.0 3.39 0.02 1.96 0.00 0.15 0.06 0.00 0.47 0.02 0.02 0.89 6.99
Ab       33f 69.63 0.00 19.70 0.01 0.11 0.00 0.00 0.00 0.10 11.54 0.05 101.16 8.0 3.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.97 0.00 4.98
Wm       11m 48.16 0.06 25.60 0.12 3.56 1.37 0.01 5.20 0.11 0.58 9.32 94.09 11.0 3.28 0.00 2.06 0.01 0.18 0.08 0.00 0.53 0.01 0.08 0.81 7.04
FC-91: Shuksan, greenschist
Chl       11c 31.77 0.04 15.03 0.01 0.00 24.55 0.42 15.17 2.02 0.25 0.04 89.29 14.0 3.27 0.00 1.82 0.00 0.00 2.11 0.04 2.33 0.22 0.05 0.01 9.85
Amph  12c-amph 54.93 0.01 1.63 0.05 1.56 12.50 0.36 15.31 11.43 0.87 0.09 98.75 23.0 7.83 0.00 0.27 0.01 0.17 1.49 0.04 3.25 1.75 0.24 0.02 15.07
Amph  15c-amph 37.44 0.07 25.21 0.07 7.23 2.79 0.31 0.03 23.74 0.02 0.10 97.01 23.0 5.52 0.01 4.38 0.01 0.80 0.34 0.04 0.01 3.75 0.01 0.02 14.89
Chl       16c 27.00 0.05 18.40 0.01 1.72 25.55 0.38 15.95 0.01 0.16 0.05 89.28 14.0 2.82 0.00 2.26 0.00 0.14 2.23 0.03 2.48 0.00 0.03 0.01 10.00
Amph  17c-amph 38.62 0.09 25.25 0.00 7.45 2.87 0.17 0.36 23.60 0.00 0.07 98.49 23.0 5.59 0.01 4.31 0.00 0.81 0.35 0.02 0.08 3.66 0.00 0.01 14.85
Chl       21c 35.78 0.16 12.96 0.09 0.00 23.58 0.37 14.86 3.43 0.44 0.02 91.69 14.0 3.55 0.01 1.52 0.01 0.00 1.96 0.03 2.20 0.36 0.09 0.00 9.72
Amph  23c-amph 38.53 0.10 26.71 0.00 6.62 2.55 0.16 0.04 24.26 0.01 0.03 99.02 23.0 5.53 0.01 4.52 0.00 0.72 0.31 0.02 0.01 3.73 0.00 0.01 14.85
Amph  41c-amph 38.12 0.06 24.20 0.00 9.16 3.53 0.31 1.12 21.95 0.06 0.01 98.52 23.0 5.55 0.01 4.16 0.00 1.00 0.43 0.04 0.24 3.43 0.02 0.00 14.87
Chl       31c 27.00 0.08 18.42 0.09 0.98 27.08 0.46 15.39 0.09 0.03 0.01 89.62 14.0 2.82 0.01 2.27 0.01 0.08 2.37 0.04 2.40 0.01 0.01 0.00 10.00
Chl       42c 27.21 0.00 18.82 0.05 0.43 26.31 0.42 15.71 0.04 0.14 0.01 89.15 14.0 2.84 0.00 2.31 0.00 0.03 2.30 0.04 2.44 0.01 0.03 0.00 10.00
Ab       21f 69.73 0.00 19.62 0.00 0.12 0.00 0.00 0.00 0.01 11.24 0.03 100.77 8.0 3.01 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.94 0.00 4.96
Ab       22f 69.47 0.00 19.60 0.00 0.08 0.00 0.00 0.00 0.07 11.41 0.01 100.65 8.0 3.01 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.96 0.00 4.97
Ab       41f 69.72 0.00 19.70 0.00 0.09 0.00 0.00 0.00 0.01 11.32 0.02 100.85 8.0 3.01 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.95 0.00 4.96
Ab       42f 69.08 0.00 19.68 0.00 0.15 0.00 0.00 0.00 0.06 11.38 0.09 100.44 8.0 3.00 0.00 1.01 0.00 0.01 0.00 0.00 0.00 0.00 0.96 0.01 4.98
Ab       31f 69.52 0.00 19.76 0.00 0.11 0.00 0.02 0.01 0.05 11.27 0.03 100.77 8.0 3.00 0.00 1.01 0.00 0.00 0.00 0.00 0.00 0.00 0.95 0.00 4.96
Ab       32f 70.18 0.00 19.70 0.00 0.25 0.00 0.00 0.00 0.04 11.57 0.03 101.77 8.0 3.01 0.00 1.00 0.00 0.01 0.00 0.00 0.00 0.00 0.96 0.00 4.97
Wm       11m 51.03 0.08 24.95 0.11 0.00 2.93 0.04 3.53 0.06 0.28 11.68 94.69 11.0 3.47 0.00 2.00 0.01 0.00 0.17 0.00 0.36 0.01 0.04 1.01 7.05
Wm       12m 52.06 0.15 24.96 0.08 0.00 3.16 0.03 3.74 0.04 0.16 11.42 95.80 11.0 3.49 0.01 1.97 0.00 0.00 0.18 0.00 0.37 0.00 0.02 0.98 7.02
Wm       13m 52.01 0.15 25.12 0.07 0.00 3.35 0.05 3.70 0.00 0.20 11.36 96.01 11.0 3.48 0.01 1.98 0.00 0.00 0.19 0.00 0.37 0.00 0.03 0.97 7.02
Wm       14m 44.47 0.07 22.30 0.02 8.59 3.31 0.08 6.62 0.05 0.11 8.16 93.78 11.0 3.13 0.00 1.85 0.00 0.46 0.20 0.01 0.70 0.00 0.02 0.73 7.09
Wm       15m 50.56 0.18 25.66 0.00 0.00 3.52 0.06 3.71 0.12 0.25 11.08 95.14 11.0 3.42 0.01 2.05 0.00 0.00 0.20 0.00 0.37 0.01 0.03 0.96 7.05
Wm       16m 50.68 0.06 25.59 0.09 0.00 3.86 0.05 3.43 0.01 0.33 11.25 95.35 11.0 3.43 0.00 2.04 0.01 0.00 0.22 0.00 0.35 0.00 0.04 0.97 7.06
Wm       17m 50.87 0.08 24.57 0.04 0.13 5.01 0.10 3.50 0.01 0.21 11.84 96.36 11.0 3.44 0.00 1.96 0.00 0.01 0.28 0.01 0.35 0.00 0.03 1.02 7.10
Wm       18m 52.16 0.10 24.66 0.01 0.00 3.81 0.03 3.65 0.03 0.15 11.83 96.44 11.0 3.49 0.01 1.94 0.00 0.00 0.21 0.00 0.36 0.00 0.02 1.01 7.05
Wm       21m 51.52 0.10 25.94 0.00 0.00 3.32 0.00 3.50 0.00 0.30 11.02 95.71 11.0 3.45 0.01 2.05 0.00 0.00 0.19 0.00 0.35 0.00 0.04 0.94 7.02
Wm       22m 51.69 0.12 25.83 0.00 0.00 3.14 0.01 3.43 0.05 0.27 11.33 95.89 11.0 3.46 0.01 2.04 0.00 0.00 0.18 0.00 0.34 0.00 0.04 0.97 7.02
Wm       23m 50.70 0.09 25.06 0.04 0.66 4.28 0.03 3.49 0.05 0.19 11.46 96.05 11.0 3.42 0.00 1.99 0.00 0.03 0.24 0.00 0.35 0.00 0.03 0.99 7.07
Wm       24m 55.32 0.04 1.83 0.00 10.98 4.24 0.37 15.25 11.60 0.86 0.08 100.58 11.0 3.66 0.00 0.14 0.00 0.55 0.23 0.02 1.50 0.82 0.11 0.01 7.05
Wm       25m 55.75 0.01 1.88 0.01 10.66 4.11 0.39 15.41 11.71 0.87 0.01 100.82 11.0 3.67 0.00 0.15 0.00 0.53 0.23 0.02 1.51 0.83 0.11 0.00 7.05
Ab   31m-fsp 70.43 0.08 19.57 0.00 0.03 0.35 0.00 0.02 0.04 11.60 0.03 102.13 8.0 3.01 0.00 0.99 0.00 0.00 0.01 0.00 0.00 0.00 0.96 0.00 4.98
Amph  33m-amph 58.03 0.11 11.02 0.00 0.00 14.12 0.27 7.65 0.34 6.70 0.21 98.44 23.0 8.03 0.01 1.80 0.00 0.00 1.64 0.03 1.58 0.05 1.80 0.04 14.97
Wm       34m 47.57 0.55 28.07 0.03 1.40 2.50 0.01 2.64 0.00 0.70 10.05 93.53 11.0 3.26 0.03 2.27 0.00 0.07 0.14 0.00 0.27 0.00 0.09 0.88 7.02
Wm       35m 47.95 0.67 31.07 0.03 0.00 1.67 0.00 2.34 0.02 1.32 9.38 94.44 11.0 3.22 0.03 2.46 0.00 0.00 0.09 0.00 0.23 0.00 0.17 0.80 7.01
Wm       36m 46.80 0.65 28.75 0.00 2.37 1.67 0.00 2.58 0.00 0.91 9.66 93.38 11.0 3.21 0.03 2.33 0.00 0.12 0.10 0.00 0.26 0.00 0.12 0.85 7.02
Wm       37m 48.66 0.42 27.25 0.05 0.69 3.14 0.00 2.95 0.03 0.51 10.51 94.21 11.0 3.32 0.02 2.19 0.00 0.04 0.18 0.00 0.30 0.00 0.07 0.92 7.04
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Sample 
Number Mineral Identifier SiO2 TiO2 Al2O3 Cr2O3 Fe2O3 FeO MnO MgO CaO Na2O K2O Total
O per 
formula 
unit Si Ti Al Cr Fe3+ Fe2+         Mn Mg Ca Na K Sum
FC-36: Shuksan, blueschist
Ep       11e 36.86 0.04 23.76 0.00 12.36 0.00 0.27 0.01 23.15 0.00 0.01 96.46 12.5 2.98 0.00 2.26 0.00 0.75 0.00 0.02 0.00 2.00 0.00 0.00 8.02
Ep       12e 36.97 0.10 23.61 0.00 12.78 0.00 0.26 0.02 23.38 0.03 0.02 97.17 12.5 2.97 0.01 2.24 0.00 0.77 0.00 0.02 0.00 2.01 0.01 0.00 8.02
Ep       13e 36.35 0.14 21.25 0.00 15.97 0.00 0.18 0.04 23.07 0.07 0.00 97.07 12.5 2.96 0.01 2.04 0.00 0.98 0.00 0.01 0.01 2.01 0.01 0.00 8.03
Ep       21e 37.17 0.07 23.35 0.00 13.21 0.00 0.37 0.13 22.69 0.01 0.27 97.27 12.5 2.99 0.00 2.21 0.00 0.80 0.00 0.03 0.02 1.95 0.00 0.03 8.02
Ep       31e 36.48 0.13 21.01 0.00 15.51 0.00 0.42 0.02 22.45 0.05 0.02 96.09 12.5 2.99 0.01 2.03 0.00 0.96 0.00 0.03 0.00 1.97 0.01 0.00 8.01
Ep       31a 36.63 0.08 22.71 0.01 12.80 0.00 0.33 0.02 22.90 0.00 0.07 95.55 12.5 3.00 0.01 2.19 0.00 0.79 0.00 0.02 0.00 2.01 0.00 0.01 8.02
Amph       51a 52.95 0.00 5.60 0.00 6.02 16.25 0.12 7.04 0.81 6.24 0.02 95.05 23.0 7.92 0.00 0.99 0.00 0.68 2.03 0.02 1.57 0.13 1.81 0.00 15.15
Amph       41a 53.33 0.02 4.33 0.04 7.64 17.94 0.16 6.27 1.20 6.10 0.02 97.06 23.0 7.93 0.00 0.76 0.01 0.86 2.23 0.02 1.39 0.19 1.76 0.00 15.14
Amph       42a 54.47 0.00 5.88 0.01 5.45 14.01 0.17 8.48 1.29 5.90 0.05 95.72 23.0 7.97 0.00 1.02 0.00 0.60 1.72 0.02 1.85 0.20 1.67 0.01 15.06
Amph       43a 52.85 0.09 3.34 0.01 9.17 18.81 0.07 5.26 1.34 6.04 0.03 97.01 23.0 7.94 0.01 0.59 0.00 1.04 2.36 0.01 1.18 0.22 1.76 0.01 15.12
Amph       44a 55.11 0.06 6.58 0.00 4.99 14.51 0.12 8.24 1.28 6.39 0.01 97.29 23.0 7.94 0.01 1.12 0.00 0.54 1.75 0.02 1.77 0.20 1.79 0.00 15.12
Amph       52a 53.21 0.00 5.58 0.01 6.40 16.29 0.18 6.56 0.74 6.17 0.01 95.15 23.0 7.95 0.00 0.98 0.00 0.72 2.04 0.02 1.46 0.12 1.79 0.00 15.09
Amph       53a 51.65 0.08 4.10 0.00 6.58 18.82 0.14 6.46 1.33 5.87 0.03 95.06 23.0 7.88 0.01 0.74 0.00 0.76 2.40 0.02 1.47 0.22 1.74 0.01 15.23
Amph       54a 51.34 0.04 5.20 0.01 6.10 22.11 0.14 3.34 0.80 6.13 0.04 95.25 23.0 7.91 0.01 0.95 0.00 0.71 2.85 0.02 0.77 0.13 1.83 0.01 15.18
Wm       11m 49.59 0.10 23.69 0.00 4.98 1.92 0.05 4.03 0.03 0.11 10.87 95.37 11.0 3.38 0.01 1.90 0.00 0.26 0.11 0.00 0.41 0.00 0.02 0.94 7.02
Wm       12m 48.17 0.12 22.64 0.03 5.69 2.20 0.04 5.10 0.04 0.21 10.05 94.29 11.0 3.33 0.01 1.85 0.00 0.30 0.13 0.00 0.53 0.00 0.03 0.89 7.05
Wm       21m 50.69 0.18 24.78 0.00 0.14 4.45 0.02 3.56 0.03 0.23 11.34 95.42 11.0 3.44 0.01 1.98 0.00 0.01 0.25 0.00 0.36 0.00 0.03 0.98 7.06
Wm       22m 51.07 0.13 23.88 0.00 0.41 4.61 0.22 3.58 0.03 0.21 11.27 95.41 11.0 3.47 0.01 1.91 0.00 0.02 0.26 0.01 0.36 0.00 0.03 0.98 7.06
Wm       31m 50.34 0.13 22.51 0.05 2.69 4.13 0.03 3.78 0.07 0.06 11.37 95.16 11.0 3.46 0.01 1.82 0.00 0.14 0.24 0.00 0.39 0.01 0.01 1.00 7.06
Wm       32m 50.06 0.99 22.70 0.02 0.00 6.04 0.05 3.54 0.83 0.12 10.93 95.28 11.0 3.44 0.05 1.84 0.00 0.00 0.35 0.00 0.36 0.06 0.02 0.96 7.08
FC-09: Shuksan, blueschist
Chl       31c 27.58 0.00 18.01 0.04 1.52 24.93 0.46 17.16 0.05 0.00 0.04 89.79 14.0 2.85 0.00 2.19 0.00 0.12 2.15 0.04 2.64 0.01 0.00 0.01 10.00
Chl       32c 27.34 0.00 18.95 0.00 0.36 23.82 0.43 17.29 0.00 0.12 0.03 88.33 14.0 2.84 0.00 2.32 0.00 0.03 2.07 0.04 2.68 0.00 0.02 0.00 10.00
Chl       33c 27.74 0.00 18.85 0.00 0.01 25.07 0.45 17.18 0.01 0.05 0.00 89.36 14.0 2.86 0.00 2.29 0.00 0.00 2.16 0.04 2.64 0.00 0.01 0.00 10.00
Chl       34c 27.21 0.00 19.02 0.09 1.00 24.15 0.43 17.41 0.04 0.00 0.02 89.37 14.0 2.80 0.00 2.31 0.01 0.08 2.08 0.04 2.67 0.00 0.00 0.00 10.00
Amph  35c-amph 55.85 0.07 5.75 0.00 4.07 14.21 0.16 10.22 2.93 5.58 0.11 98.95 23.0 7.91 0.01 0.96 0.00 0.43 1.68 0.02 2.16 0.44 1.53 0.02 15.16
Amph  11c-amph 57.30 0.23 7.57 0.00 3.33 13.51 0.16 9.37 1.79 6.35 0.02 99.62 23.0 7.96 0.02 1.24 0.00 0.35 1.57 0.02 1.94 0.27 1.71 0.00 15.08
Amph  51c-amph 55.45 0.01 1.92 0.00 3.05 14.14 0.22 13.64 9.20 2.30 0.08 100.00 23.0 7.86 0.00 0.32 0.00 0.33 1.68 0.03 2.88 1.40 0.63 0.01 15.14
Amph  52c-amph 56.56 0.00 7.71 0.00 3.93 14.67 0.11 8.17 1.15 6.43 0.03 98.76 23.0 7.97 0.00 1.28 0.00 0.42 1.73 0.01 1.72 0.17 1.76 0.01 15.06
Amph  53c-amph 56.25 0.01 8.44 0.10 2.50 15.25 0.17 8.10 1.27 6.38 0.02 98.49 23.0 7.94 0.00 1.40 0.01 0.27 1.80 0.02 1.70 0.19 1.75 0.00 15.09
Ep       31e 36.72 0.08 20.95 0.00 16.36 0.00 0.24 0.05 23.12 0.01 0.01 97.53 12.5 2.98 0.01 2.00 0.00 1.00 0.00 0.02 0.01 2.01 0.00 0.00 8.02
Ep       32e 36.14 0.06 20.66 0.00 15.78 0.00 0.32 0.02 22.64 0.02 0.00 95.64 12.5 2.99 0.00 2.01 0.00 0.98 0.00 0.02 0.00 2.00 0.00 0.00 8.02
Ep       33e 36.39 0.05 20.38 0.00 16.49 0.00 0.27 0.04 23.06 0.02 0.00 96.71 12.5 2.98 0.00 1.97 0.00 1.02 0.00 0.02 0.00 2.03 0.00 0.00 8.02
Ep       21e 44.24 0.05 20.27 0.00 11.69 0.00 0.28 0.02 20.56 0.01 0.00 97.11 12.5 3.46 0.00 1.87 0.00 0.69 0.00 0.02 0.00 1.72 0.00 0.00 7.76
Ep       22e 36.96 0.15 21.57 0.00 15.47 0.00 0.34 0.01 22.75 0.02 0.00 97.28 12.5 2.99 0.01 2.06 0.00 0.94 0.00 0.02 0.00 1.97 0.00 0.00 8.00
Ep       11e 36.44 0.05 20.65 0.00 17.18 0.00 0.29 0.00 22.74 0.02 0.00 97.38 12.5 2.97 0.00 1.98 0.00 1.05 0.00 0.02 0.00 1.98 0.00 0.00 8.01
Ep       12e 36.54 0.15 20.75 0.00 16.56 0.00 0.11 0.04 23.02 0.00 0.02 97.21 12.5 2.98 0.01 1.99 0.00 1.02 0.00 0.01 0.01 2.01 0.00 0.00 8.01
Ep       13e 36.86 0.03 22.20 0.00 14.66 0.00 0.24 0.01 23.06 0.00 0.00 97.05 12.5 2.98 0.00 2.12 0.00 0.89 0.00 0.02 0.00 2.00 0.00 0.00 8.01
Ab       51f 69.14 0.00 19.83 0.00 0.10 0.00 0.00 0.00 0.00 10.82 0.05 99.94 8.0 3.01 0.00 1.02 0.00 0.00 0.00 0.00 0.00 0.00 0.91 0.00 4.94
Wm       21m 51.13 0.17 25.29 0.00 0.00 4.14 0.02 3.52 0.03 0.24 11.28 95.81 11.0 3.44 0.01 2.01 0.00 0.00 0.23 0.00 0.35 0.00 0.03 0.97 7.05
Wm       22m 51.74 0.14 24.92 0.04 0.00 4.11 0.07 3.63 0.01 0.26 11.32 96.22 11.0 3.47 0.01 1.97 0.00 0.00 0.23 0.00 0.36 0.00 0.03 0.97 7.04
Wm       23m 52.01 0.11 24.90 0.04 0.00 4.01 0.08 3.56 0.02 0.27 11.52 96.50 11.0 3.48 0.01 1.96 0.00 0.00 0.22 0.00 0.35 0.00 0.04 0.98 7.05
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Sample 
Number Mineral Identifier SiO2 TiO2 Al2O3 Cr2O3 Fe2O3 FeO MnO MgO CaO Na2O K2O Total
O per 
formula 
unit Si Ti Al Cr Fe3+ Fe2+         Mn Mg Ca Na K Sum
Wm       24m 52.14 0.15 24.85 0.02 0.00 4.15 0.05 3.78 0.03 0.24 11.25 96.65 11.0 3.48 0.01 1.95 0.00 0.00 0.23 0.00 0.38 0.00 0.03 0.96 7.04
Wm       25m 51.02 0.10 24.29 0.02 0.00 4.42 0.00 3.66 0.00 0.28 11.17 94.97 11.0 3.47 0.01 1.95 0.00 0.00 0.25 0.00 0.37 0.00 0.04 0.97 7.05
Chl   11m-chl 27.82 0.02 18.19 0.06 0.68 24.53 0.38 17.05 0.12 0.20 0.00 89.04 14.0 2.88 0.00 2.22 0.01 0.05 2.12 0.03 2.63 0.01 0.04 0.00 10.00
Wm       34m 47.57 0.55 28.07 0.03 1.40 2.50 0.01 2.64 0.00 0.70 10.05 93.53 11.0 3.26 0.03 2.27 0.00 0.07 0.14 0.00 0.27 0.00 0.09 0.88 7.02
Wm       35m 47.95 0.67 31.07 0.03 0.00 1.67 0.00 2.34 0.02 1.32 9.38 94.44 11.0 3.22 0.03 2.46 0.00 0.00 0.09 0.00 0.23 0.00 0.17 0.80 7.01
Wm       36m 46.80 0.65 28.75 0.00 2.37 1.67 0.00 2.58 0.00 0.91 9.66 93.38 11.0 3.21 0.03 2.33 0.00 0.12 0.10 0.00 0.26 0.00 0.12 0.85 7.02
Wm       37m 48.66 0.42 27.25 0.05 0.69 3.14 0.00 2.95 0.03 0.51 10.51 94.21 11.0 3.32 0.02 2.19 0.00 0.04 0.18 0.00 0.30 0.00 0.07 0.92 7.04
FC-37: Darrington Phyllite
Chl       31c 27.64 0.04 21.26 0.00 0.00 22.70 0.51 15.37 0.01 0.01 0.60 88.14 14.0 2.85 0.00 2.59 0.00 0.00 1.96 0.05 2.36 0.00 0.00 0.08 9.89
Chl       32c 26.32 0.07 21.16 0.00 0.00 24.16 0.62 15.77 0.08 0.05 0.02 88.25 14.0 2.74 0.01 2.60 0.00 0.00 2.10 0.06 2.45 0.01 0.01 0.00 9.96
Chl       33c 26.73 0.03 21.20 0.00 0.00 23.33 0.48 16.34 0.03 0.04 0.04 88.22 14.0 2.77 0.00 2.59 0.00 0.00 2.02 0.04 2.52 0.00 0.01 0.01 9.95
Chl       34c 26.65 0.00 20.83 0.00 0.00 23.68 0.59 16.20 0.02 0.07 0.02 88.06 14.0 2.77 0.00 2.55 0.00 0.00 2.06 0.05 2.51 0.00 0.01 0.00 9.96
Chl       35c 26.43 0.01 20.79 0.00 0.00 24.20 0.67 15.80 0.03 0.19 0.14 88.26 14.0 2.76 0.00 2.56 0.00 0.00 2.11 0.06 2.46 0.00 0.04 0.02 10.00
Chl       36c 27.65 0.04 20.68 0.00 0.00 23.10 0.56 15.94 0.04 0.16 0.04 88.21 14.0 2.85 0.00 2.52 0.00 0.00 1.99 0.05 2.45 0.00 0.03 0.01 9.91
Ab       33f 69.39 0.00 19.54 0.00 0.17 0.00 0.03 0.00 0.07 11.31 0.02 100.53 8.0 3.01 0.00 1.00 0.00 0.01 0.00 0.00 0.00 0.00 0.95 0.00 4.97
Ab       34f 69.09 0.00 19.40 0.00 0.00 0.00 0.00 0.01 0.11 11.16 0.02 99.79 8.0 3.01 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.01 0.94 0.00 4.96
Wm       31m 50.65 0.04 28.30 0.00 0.00 2.12 0.05 3.04 0.00 0.21 10.55 94.96 11.0 3.38 0.00 2.23 0.00 0.00 0.12 0.00 0.30 0.00 0.03 0.90 6.96
Wm       32m 49.98 0.10 28.86 0.03 1.94 0.99 0.06 3.04 0.04 0.31 9.84 95.18 11.0 3.32 0.01 2.26 0.00 0.10 0.06 0.00 0.30 0.00 0.04 0.84 6.93
Wm       33m 50.64 0.00 27.98 0.01 0.00 2.32 0.03 3.20 0.00 0.19 10.63 95.00 11.0 3.39 0.00 2.21 0.00 0.00 0.13 0.00 0.32 0.00 0.03 0.91 6.98
Wm       34m 53.38 0.06 26.28 0.02 0.00 2.71 0.07 3.15 0.00 0.16 9.38 95.21 11.0 3.53 0.00 2.05 0.00 0.00 0.15 0.00 0.31 0.00 0.02 0.79 6.85
Wm       35m 50.60 0.04 27.67 0.02 0.00 2.65 0.07 2.96 0.03 0.29 10.41 94.74 11.0 3.40 0.00 2.19 0.00 0.00 0.15 0.00 0.30 0.00 0.04 0.89 6.97
Wm       36m 51.47 0.01 27.58 0.00 0.88 2.30 0.02 2.98 0.00 0.31 9.59 95.14 11.0 3.42 0.00 2.16 0.00 0.04 0.13 0.00 0.30 0.00 0.04 0.81 6.90
FC-07: Darrington Phyllite
Grt       41g 37.15 0.09 21.75 0.04 0.96 20.24 10.78 0.50 9.65 0.02 0.00 101.18 12.0 2.95 0.01 2.04 0.00 0.06 1.34 0.73 0.06 0.82 0.00 0.00 8.00
Grt       51g 36.88 0.13 21.26 0.01 0.30 17.49 16.73 0.41 6.88 0.05 0.00 100.14 12.0 2.98 0.01 2.02 0.00 0.02 1.18 1.14 0.05 0.60 0.01 0.00 8.00
Grt       31g 36.86 0.09 21.72 0.01 0.89 19.49 13.50 0.47 7.82 0.03 0.00 100.88 12.0 2.95 0.01 2.05 0.00 0.05 1.30 0.91 0.06 0.67 0.01 0.00 8.00
Grt       32g 36.75 0.15 21.35 0.00 0.94 18.47 14.09 0.46 7.92 0.08 0.00 100.20 12.0 2.96 0.01 2.03 0.00 0.06 1.24 0.96 0.06 0.68 0.01 0.00 8.00
Chl       41c 25.80 0.00 20.91 0.00 0.00 27.81 0.56 13.44 0.04 0.03 0.01 88.60 14.0 2.73 0.00 2.61 0.00 0.00 2.46 0.05 2.12 0.01 0.01 0.00 9.97
Chl       42c 30.69 0.05 21.87 0.00 0.00 23.32 0.37 11.51 0.02 0.10 1.93 89.86 14.0 3.10 0.00 2.61 0.00 0.00 1.97 0.03 1.74 0.00 0.02 0.25 9.72
Chl       51c 25.88 0.07 20.49 0.00 0.13 28.10 0.44 13.85 0.00 0.05 0.08 89.09 14.0 2.73 0.01 2.55 0.00 0.01 2.48 0.04 2.18 0.00 0.01 0.01 10.00
Chl       31c 25.70 0.06 20.67 0.00 0.00 28.51 0.47 13.48 0.02 0.05 0.00 88.96 14.0 2.72 0.01 2.58 0.00 0.00 2.52 0.04 2.12 0.00 0.01 0.00 10.00
Chl       11c 25.87 0.05 20.74 0.00 0.00 27.94 0.49 13.42 0.01 0.07 0.06 88.65 14.0 2.74 0.00 2.59 0.00 0.00 2.47 0.04 2.12 0.00 0.01 0.01 9.98
Ab       21f 69.14 0.00 19.61 0.00 0.00 0.00 0.00 0.02 0.07 11.16 0.01 100.01 8.0 3.01 0.00 1.01 0.00 0.00 0.00 0.00 0.00 0.00 0.94 0.00 4.96
Ab       22f 70.05 0.00 19.50 0.00 0.08 0.00 0.00 0.00 0.02 11.22 0.03 100.90 8.0 3.02 0.00 0.99 0.00 0.00 0.00 0.00 0.00 0.00 0.94 0.00 4.95
Ab       11f 70.16 0.00 19.51 0.00 0.04 0.00 0.04 0.01 0.00 11.12 0.01 100.89 8.0 3.02 0.00 0.99 0.00 0.00 0.00 0.00 0.00 0.00 0.93 0.00 4.95
Ab       12f 69.06 0.00 19.38 0.00 0.00 0.00 0.04 0.00 0.08 11.13 0.02 99.71 8.0 3.01 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.94 0.00 4.96
Wm       41m 49.61 0.12 27.50 0.03 0.00 2.72 0.01 2.78 0.00 0.42 10.04 93.23 11.0 3.38 0.01 2.21 0.00 0.00 0.16 0.00 0.28 0.00 0.06 0.87 6.97
Wm       51m 50.42 0.13 27.51 0.00 0.00 3.15 0.00 2.94 0.04 0.38 10.15 94.72 11.0 3.39 0.01 2.18 0.00 0.00 0.18 0.00 0.30 0.00 0.05 0.87 6.97
Wm       52m 48.18 0.06 26.21 0.00 0.00 2.67 0.02 2.77 0.00 0.26 9.84 90.01 11.0 3.40 0.00 2.18 0.00 0.00 0.16 0.00 0.29 0.00 0.04 0.89 6.96
Wm       31m 49.97 0.14 27.14 0.04 0.00 2.98 0.03 2.76 0.03 0.42 10.15 93.66 11.0 3.40 0.01 2.18 0.00 0.00 0.17 0.00 0.28 0.00 0.06 0.88 6.97
Wm       32m 49.42 0.11 28.06 0.06 2.70 1.04 0.04 3.14 0.02 0.30 9.87 94.76 11.0 3.32 0.01 2.22 0.00 0.14 0.06 0.00 0.31 0.00 0.04 0.85 6.94
Wm       11m 49.97 0.14 28.42 0.00 0.46 2.52 0.06 2.69 0.01 0.37 9.94 94.58 11.0 3.36 0.01 2.25 0.00 0.02 0.14 0.00 0.27 0.00 0.05 0.85 6.95
Wm       12m 50.68 0.11 28.05 0.00 0.26 2.96 0.00 2.87 0.01 0.47 10.05 95.46 11.0 3.38 0.01 2.20 0.00 0.01 0.17 0.00 0.29 0.00 0.06 0.86 6.97
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Sample 
Number Mineral Identifier SiO2 TiO2 Al2O3 Cr2O3 Fe2O3 FeO MnO MgO CaO Na2O K2O Total
O per 
formula 
unit Si Ti Al Cr Fe3+ Fe2+         Mn Mg Ca Na K Sum
Wm       13m 48.97 0.07 27.22 0.00 3.28 1.26 0.04 3.23 0.00 0.35 9.79 94.21 11.0 3.32 0.00 2.17 0.00 0.17 0.07 0.00 0.33 0.00 0.05 0.85 6.96
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1 3.80 1 1.84E-01 2.74E-02 4.67E+00 3.18E-01 6.99E-01 1.21E-01 21.0 00.8 0.2 -13.24 -2.40E+01 -177.10 68.86 -38.88 5.43E-03 2.61E-04 3.79E-03 6.51E-04 -177.10 -37.03 -39.91
2 4.00 1 2.49E-02 2.57E-03 6.11E+00 1.92E-01 4.12E-02 9.02E-03 216.6 05.09 2.0 72.60 3.33E+01 219.93 7.54 3.43 2.22E-02 5.94E-04 9.18E-04 2.00E-04 219.93 3.62 3.71
3 4.10 1 1.34E-02 2.08E-03 1.01E+00 3.34E-02 1.27E-02 8.92E-03 248.1 05.9 4.1 84.27 2.04E+01 137.72 4.92 3.57 4.16E-02 1.30E-03 5.27E-04 3.71E-04 137.72 3.69 3.79
4 4.20 1 1.31E-02 1.38E-03 5.99E-01 2.84E-02 2.13E-03 4.62E-03 403.7 06.78 7.5 97.32 2.32E+01 156.06 3.17 2.03 4.21E-02 8.58E-04 8.96E-05 1.94E-04 156.06 2.09 2.31
5 4.30 1 1.22E-02 1.37E-03 1.53E+00 4.75E-02 2.13E-03 4.69E-03 404.5 09.34 10.9 97.27 2.28E+01 153.42 3.89 2.53 4.30E-02 1.10E-03 9.13E-05 2.01E-04 153.42 2.62 2.76
6 4.40 1 1.55E-02 1.71E-03 4.66E+00 1.41E-01 6.76E-04 5.74E-03 328.8 08.01 13.7 99.22 2.62E+01 175.04 4.62 2.64 3.86E-02 1.07E-03 2.61E-05 2.22E-04 175.04 2.75 2.84
7 4.50 1 1.54E-02 2.19E-03 6.29E+00 1.58E-01 3.72E-03 8.09E-03 231.3 03.25 15.6 95.72 2.54E+01 170.27 3.90 2.29 3.86E-02 8.95E-04 1.44E-04 3.12E-04 170.27 2.37 2.54
8 4.60 1 1.40E-02 1.01E-03 6.03E+00 1.14E-01 1.53E-03 3.42E-03 548.9 07.96 20.3 98.26 2.64E+01 176.88 2.82 1.60 3.80E-02 6.24E-04 5.82E-05 1.30E-04 176.88 1.64 1.92
9 4.65 1 1.56E-02 1.26E-03 5.91E+00 1.33E-01 1.47E-02 4.88E-03 495.2 08.9 24.4 83.01 2.20E+01 148.43 3.41 2.30 3.87E-02 7.78E-04 5.69E-04 1.89E-04 148.43 2.37 2.62
10 4.70 1 1.29E-02 9.01E-04 6.34E+00 1.11E-01 1.10E-02 3.90E-03 656.3 08.16 30.0 87.54 2.36E+01 158.96 2.42 1.52 3.80E-02 5.28E-04 4.17E-04 1.48E-04 158.96 1.55 1.94
11 4.75 1 1.27E-02 8.39E-04 6.01E+00 1.17E-01 8.67E-03 3.54E-03 702.1 10.32 35.9 90.13 2.42E+01 162.58 2.79 1.72 3.82E-02 6.18E-04 3.31E-04 1.35E-04 162.58 1.76 2.07
12 4.80 1 1.34E-02 6.86E-04 6.01E+00 9.38E-02 2.95E-03 2.07E-03 924.9 11.49 43.7 96.67 2.62E+01 175.52 2.35 1.34 3.77E-02 5.06E-04 1.11E-04 7.82E-05 175.52 1.36 1.72
13 4.85 1 1.37E-02 5.18E-04 5.94E+00 6.25E-02 5.00E-03 1.09E-03 2292.6 18.82 63.0 94.23 2.49E+01 167.15 1.52 0.91 3.87E-02 3.31E-04 1.93E-04 4.20E-05 167.15 0.89 1.44
14 4.88 1 1.63E-02 1.12E-03 5.65E+00 9.32E-02 3.40E-03 1.86E-03 1046.1 13.53 71.9 96.00 2.49E+01 167.18 2.33 1.39 3.94E-02 5.47E-04 1.34E-04 7.33E-05 167.18 1.42 1.77
15 4.93 1 1.17E-02 5.83E-04 5.06E+00 7.69E-02 1.63E-03 1.68E-03 1105.6 13.59 81.2 98.06 2.50E+01 167.96 2.18 1.30 3.99E-02 5.23E-04 6.51E-05 6.71E-05 167.96 1.31 1.68
16 5.03 1 1.36E-02 6.55E-04 5.39E+00 8.67E-02 6.56E-03 2.51E-03 1021.3 11.59 89.8 92.59 2.50E+01 167.72 2.18 1.30 3.78E-02 4.68E-04 2.48E-04 9.48E-05 167.72 1.31 1.72
17 5.20 1 3.41E-02 8.18E-03 7.77E+00 2.64E-01 1.31E-02 2.83E-02 65.7 01.71 90.4 84.27 2.17E+01 146.30 10.51 7.18 4.02E-02 2.61E-03 5.27E-04 1.14E-03 146.30 7.47 7.29
18 5.80 1 1.30E-02 1.06E-03 6.09E+00 1.37E-01 4.58E-03 3.79E-03 500.9 09.2 94.6 94.80 2.56E+01 171.21 3.46 2.02 3.80E-02 7.67E-04 1.74E-04 1.44E-04 171.21 2.09 2.30
19 fuse 1 1.66E-02 1.61E-03 6.09E+00 1.15E-01 6.62E-03 3.65E-03 643.1 09.5 100.0 92.45 2.48E+01 166.35 2.79 1.68 3.82E-02 6.21E-04 2.53E-04 1.39E-04 166.35 1.72 2.02
1 3.80 1 3.21E-01 3.85E-02 5.29E+00 5.32E-01 2.23E+00 1.63E-01 14.0 00.58 0.1 -9.88 -5.94E+01 -474.36 239.05 -50.39 1.65E-03 7.10E-05 3.68E-03 2.24E-04 -474.36 -44.15 -52.06
2 4.00 1 3.07E-02 6.67E-03 1.05E+01 4.20E-01 1.09E-01 1.38E-02 77.3 01.94 0.7 36.25 1.96E+01 132.58 11.77 8.87 1.95E-02 6.81E-04 2.14E-03 2.69E-04 132.58 9.20 9.32
3 4.20 1 1.62E-02 1.51E-03 1.91E+00 4.65E-02 9.93E-03 1.48E-03 771.9 09.8 7.1 87.51 2.10E+01 141.71 2.18 1.54 4.21E-02 5.91E-04 4.18E-04 6.23E-05 141.71 1.59 1.96
4 4.40 1 1.21E-02 7.60E-04 4.82E+00 9.16E-02 7.19E-03 1.28E-03 811.4 11.38 13.7 91.22 2.28E+01 153.37 2.43 1.58 4.09E-02 6.23E-04 2.94E-04 5.23E-05 153.37 1.64 1.96
5 4.60 1 1.29E-02 4.40E-04 9.05E+00 8.28E-02 6.74E-03 4.69E-04 3608.2 27.13 43.2 92.16 2.45E+01 164.76 1.33 0.80 3.90E-02 3.05E-04 2.63E-04 1.82E-05 164.76 0.82 1.38
6 4.65 1 1.13E-02 4.34E-04 8.73E+00 1.10E-01 6.97E-03 6.59E-04 1584.3 16.01 56.2 91.75 2.40E+01 161.43 1.76 1.09 3.96E-02 4.22E-04 2.76E-04 2.60E-05 161.43 1.13 1.57
7 4.70 1 1.45E-02 7.27E-04 9.11E+00 1.04E-01 7.40E-03 1.20E-03 1478.5 13.08 68.3 91.45 2.45E+01 164.77 1.63 0.99 3.87E-02 3.72E-04 2.86E-04 4.63E-05 164.77 1.02 1.50
8 4.80 1 1.41E-02 7.84E-04 9.16E+00 1.04E-01 5.55E-03 6.05E-04 1743.8 16.21 82.6 93.60 2.51E+01 168.54 1.68 0.99 3.86E-02 3.83E-04 2.14E-04 2.33E-05 168.54 1.03 1.49
9 5.00 1 1.14E-02 4.63E-04 9.83E+00 1.29E-01 6.29E-03 7.78E-04 1311.1 13.8 93.3 92.65 2.46E+01 165.34 1.88 1.14 3.92E-02 4.42E-04 2.46E-04 3.04E-05 165.34 1.18 1.59
10 fuse 1 1.20E-02 6.96E-04 1.26E+01 2.13E-01 8.76E-03 1.28E-03 817.0 11.38 100.0 89.80 2.42E+01 162.91 2.49 1.53 3.90E-02 5.80E-04 3.42E-04 4.96E-05 162.91 1.59 1.91
1 3.80 1 3.71E-01 1.78E-02 2.31E+00 9.32E-02 1.77E+00 8.35E-02 87.1 02.05 0.4 21.03 1.41E+02 795.42 72.38 9.10 1.49E-03 3.53E-05 2.65E-03 1.08E-04 795.42 11.22 10.06
2 3.90 1 2.28E-02 5.80E-03 1.57E+00 8.03E-02 8.57E-02 1.35E-02 88.4 02.05 0.8 57.19 3.44E+01 227.27 10.92 4.80 1.67E-02 4.90E-04 1.43E-03 2.25E-04 227.27 5.10 5.14
3 4.00 1 2.63E-02 3.14E-03 4.96E+00 1.93E-01 7.66E-02 6.46E-03 195.2 05.56 1.7 63.61 4.05E+01 265.09 11.43 4.31 1.59E-02 4.73E-04 1.22E-03 9.74E-05 265.09 4.63 4.60
4 4.10 1 1.78E-02 2.10E-03 1.73E+00 6.23E-02 3.22E-02 3.74E-03 440.6 08.16 3.8 70.55 2.32E+01 156.55 4.22 2.69 3.06E-02 6.09E-04 9.87E-04 1.13E-04 156.55 2.80 3.09
5 4.20 1 1.07E-02 5.10E-04 4.41E-01 1.12E-02 5.01E-03 9.54E-04 1194.0 14.63 9.4 94.16 2.42E+01 162.83 2.20 1.35 3.90E-02 5.13E-04 1.96E-04 3.72E-05 162.83 1.39 1.76
6 4.30 1 1.10E-02 4.14E-04 2.98E-01 7.25E-03 2.42E-03 5.56E-04 1922.8 18.3 18.4 97.02 2.35E+01 158.54 1.60 1.01 4.13E-02 4.14E-04 9.99E-05 2.30E-05 158.54 1.03 1.49
7 4.40 1 1.09E-02 3.67E-04 8.68E-01 1.72E-02 2.13E-03 5.47E-04 1990.8 16.55 27.7 97.35 2.34E+01 157.66 1.42 0.90 4.18E-02 3.73E-04 8.89E-05 2.29E-05 157.66 0.91 1.42
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8 4.50 1 1.21E-02 7.05E-04 3.30E+00 6.80E-02 7.91E-03 1.18E-03 989.0 12.51 32.4 90.37 2.25E+01 151.94 2.17 1.43 4.08E-02 5.48E-04 3.22E-04 4.77E-05 151.94 1.47 1.84
9 4.60 1 1.22E-02 6.99E-04 9.86E+00 1.37E-01 9.09E-03 1.22E-03 896.5 10.5 36.6 88.94 2.28E+01 153.81 2.12 1.38 4.07E-02 5.32E-04 3.70E-04 4.95E-05 153.81 1.42 1.80
10 4.70 1 1.20E-02 3.75E-04 1.67E+01 1.78E-01 1.09E-02 7.14E-04 1764.8 16.24 44.8 86.97 2.33E+01 157.06 1.63 1.04 4.01E-02 3.92E-04 4.37E-04 2.84E-05 157.06 1.06 1.55
11 4.80 1 1.32E-02 4.49E-04 2.07E+01 1.76E-01 1.09E-02 6.56E-04 3767.7 27.4 62.5 87.36 2.45E+01 164.73 1.32 0.80 3.89E-02 2.96E-04 4.23E-04 2.53E-05 164.73 0.81 1.39
12 4.85 1 1.15E-02 6.06E-04 2.22E+01 2.91E-01 1.57E-02 1.70E-03 1066.3 12.58 67.5 82.23 2.38E+01 160.55 2.18 1.36 3.79E-02 4.72E-04 5.95E-04 6.41E-05 160.55 1.40 1.81
13 4.90 1 1.35E-02 4.46E-04 2.16E+01 1.75E-01 9.89E-03 6.15E-04 3549.3 23.55 84.1 88.61 2.51E+01 168.43 1.25 0.74 3.86E-02 2.75E-04 3.82E-04 2.36E-05 168.43 0.75 1.34
14 4.95 1 1.17E-02 4.94E-04 2.21E+01 2.23E-01 9.62E-03 7.97E-04 1426.1 12.09 90.8 89.27 2.61E+01 174.84 1.64 0.94 3.74E-02 3.44E-04 3.59E-04 2.96E-05 174.84 0.96 1.45
15 5.00 1 1.40E-02 2.72E-03 2.38E+01 6.28E-01 1.86E-02 5.44E-03 197.0 04.47 91.7 80.18 2.48E+01 166.96 5.18 3.10 3.56E-02 1.00E-03 6.64E-04 1.93E-04 166.96 3.24 3.33
16 5.05 1 1.29E-02 2.27E-03 2.26E+01 5.69E-01 1.63E-02 4.96E-03 227.0 05.18 92.8 81.85 2.41E+01 162.58 4.86 2.99 3.73E-02 1.03E-03 6.08E-04 1.85E-04 162.58 3.12 3.23
17 5.15 1 1.29E-02 3.25E-03 2.49E+01 4.85E-01 1.65E-02 6.57E-03 161.7 02.39 93.5 83.70 2.78E+01 186.20 4.91 2.64 3.30E-02 8.24E-04 5.46E-04 2.17E-04 186.20 2.77 2.89
18 5.40 1 1.40E-02 2.43E-03 2.24E+01 6.08E-01 1.81E-02 5.27E-03 214.9 05.17 94.5 80.15 2.39E+01 161.13 5.28 3.28 3.68E-02 1.09E-03 6.65E-04 1.94E-04 161.13 3.42 3.50
19 6.00 1 1.23E-02 1.13E-03 2.17E+01 4.48E-01 1.34E-02 2.52E-03 455.6 08.57 96.7 85.32 2.53E+01 170.30 3.65 2.14 3.67E-02 7.52E-04 4.92E-04 9.23E-05 170.30 2.24 2.44
20 fuse 1 1.53E-02 1.39E-03 2.37E+01 3.79E-01 1.62E-02 2.80E-03 710.1 10.32 100.0 81.79 2.40E+01 161.92 2.78 1.72 3.76E-02 5.95E-04 6.10E-04 1.05E-04 161.92 1.78 2.10
1 3.80 1 3.82E-02 1.11E-02 5.95E-02 1.58E-01 3.83E-02 2.13E-02 32.1 00.81 0.1 69.21 2.57E+01 172.54 8.55 4.95 2.69E-02 9.65E-04 1.03E-03 5.74E-04 172.54 5.18 5.19
2 3.90 1 2.06E-02 1.08E-02 6.04E-02 1.60E-01 1.96E-02 2.18E-02 31.6 00.73 0.2 86.42 3.72E+01 244.74 8.77 3.58 2.32E-02 7.65E-04 4.55E-04 5.06E-04 244.74 3.81 3.78
3 4.00 1 1.71E-02 3.68E-03 9.87E-03 4.82E-02 1.75E-02 6.72E-03 104.8 02.15 0.4 84.60 2.87E+01 191.77 4.91 2.56 2.95E-02 6.65E-04 5.16E-04 1.98E-04 191.77 2.67 2.85
4 4.10 1 1.50E-02 8.42E-04 2.66E-03 9.93E-03 1.85E-02 1.34E-03 529.0 04.6 1.8 82.19 2.55E+01 171.28 2.07 1.21 3.22E-02 3.20E-04 5.97E-04 4.30E-05 171.28 1.21 1.77
5 4.15 1 1.39E-02 9.35E-04 7.87E-04 1.26E-02 1.18E-02 1.81E-03 415.9 06.97 2.9 87.84 2.55E+01 170.97 3.33 1.95 3.45E-02 6.08E-04 4.07E-04 6.20E-05 170.97 2.00 2.29
6 4.20 1 1.47E-02 8.53E-04 3.46E-03 9.51E-03 2.40E-02 1.59E-03 553.0 07.95 4.4 78.32 2.59E+01 173.86 3.20 1.84 3.02E-02 4.49E-04 7.26E-04 4.69E-05 173.86 1.90 2.29
7 4.25 1 1.24E-02 3.70E-04 1.11E-03 3.05E-03 6.02E-03 4.58E-04 1725.6 15.26 8.9 93.33 2.52E+01 169.07 1.71 1.01 3.71E-02 3.42E-04 2.23E-04 1.69E-05 169.07 0.99 1.52
8 4.28 1 1.06E-02 3.23E-04 1.05E-03 2.89E-03 1.97E-03 3.83E-04 1818.5 18.17 13.7 97.69 2.49E+01 167.26 1.79 1.07 3.93E-02 4.04E-04 7.73E-05 1.50E-05 167.26 1.05 1.53
9 4.30 1 1.08E-02 3.24E-04 8.73E-04 2.31E-03 3.10E-03 3.45E-04 2193.3 17.76 19.5 96.31 2.42E+01 162.59 1.48 0.91 3.99E-02 3.37E-04 1.24E-04 1.37E-05 162.59 0.88 1.44
10 4.33 1 1.31E-02 4.03E-04 3.36E-03 1.30E-03 2.73E-03 1.98E-04 3904.6 26.76 29.7 96.69 2.39E+01 160.79 1.26 0.78 4.05E-02 2.85E-04 1.11E-04 7.99E-06 160.79 0.73 1.35
11 4.35 1 1.26E-02 3.29E-04 3.79E-03 1.03E-03 1.93E-03 1.46E-04 5125.1 30.77 43.2 97.63 2.38E+01 160.19 1.13 0.70 4.11E-02 2.54E-04 7.94E-05 5.99E-06 160.19 0.63 1.30
12 4.38 1 1.29E-02 3.30E-04 5.78E-03 1.13E-03 2.20E-03 1.71E-04 4508.8 28.73 55.0 97.28 2.34E+01 157.96 1.17 0.74 4.15E-02 2.73E-04 9.12E-05 7.09E-06 157.96 0.68 1.32
13 4.40 1 1.32E-02 5.16E-04 1.44E-02 2.35E-03 2.97E-03 3.57E-04 2247.9 17.84 60.9 96.48 2.43E+01 163.54 1.44 0.88 3.97E-02 3.23E-04 1.18E-04 1.41E-05 163.54 0.84 1.41
14 4.45 1 1.09E-02 4.10E-04 2.33E-02 4.01E-03 2.10E-03 5.30E-04 1422.9 13.94 64.7 97.51 2.46E+01 165.65 1.76 1.06 3.96E-02 4.04E-04 8.33E-05 2.10E-05 165.65 1.05 1.52
15 4.65 1 1.33E-02 5.25E-04 4.05E-02 2.41E-03 2.27E-03 3.31E-04 2213.9 18.7 70.5 97.36 2.50E+01 167.75 1.56 0.93 3.90E-02 3.42E-04 8.84E-05 1.29E-05 167.75 0.90 1.44
16 5.25 1 1.27E-02 4.57E-04 2.33E-02 1.77E-03 3.06E-03 2.65E-04 2771.9 22.24 77.8 96.43 2.47E+01 166.32 1.49 0.89 3.90E-02 3.22E-04 1.19E-04 1.03E-05 166.32 0.86 1.42
17 fuse 1 1.19E-02 2.96E-04 5.65E-03 6.01E-04 1.23E-03 8.35E-05 8460.4 45.06 100.0 98.52 2.44E+01 163.95 1.06 0.65 4.04E-02 2.24E-04 4.96E-05 3.37E-06 163.95 0.56 1.26
1 3.80 1 2.05E-02 8.25E-03 2.96E-01 1.06E-01 4.74E-02 1.74E-02 60.2 01.03 0.1 55.88 1.80E+01 121.83 13.91 11.42 3.12E-02 2.06E-03 1.48E-03 5.50E-04 121.83 11.80 11.58
2 4.00 1 1.32E-02 1.35E-03 5.16E-02 1.55E-02 2.09E-02 2.45E-03 397.8 06.19 0.5 79.04 2.35E+01 157.98 3.41 2.16 3.36E-02 5.96E-04 7.02E-04 8.19E-05 157.98 2.24 2.54
3 4.10 1 1.13E-02 5.89E-04 3.61E-02 5.54E-03 1.06E-02 1.49E-03 1116.2 11.7 1.7 87.84 2.30E+01 154.34 1.96 1.27 3.83E-02 4.42E-04 4.07E-04 5.69E-05 154.34 1.32 1.76
4 4.15 1 1.26E-02 8.60E-04 5.73E-02 9.12E-03 8.53E-03 1.47E-03 705.4 09.65 2.4 90.33 2.38E+01 159.74 2.57 1.61 3.80E-02 5.72E-04 3.24E-04 5.55E-05 159.74 1.67 1.99
5 4.20 1 1.19E-02 4.54E-04 2.79E-02 3.79E-03 7.58E-03 6.31E-04 1631.7 14.22 4.2 91.41 2.41E+01 161.67 1.56 0.96 3.79E-02 3.44E-04 2.88E-04 2.38E-05 161.67 0.99 1.51
6 4.25 1 1.31E-02 3.51E-04 3.50E-03 4.00E-04 4.31E-03 1.58E-04 16681.9 72.4 22.0 94.92 2.41E+01 161.28 0.80 0.50 3.95E-02 1.84E-04 1.70E-04 6.20E-06 161.28 0.49 1.23
7 4.28 1 1.27E-02 3.86E-04 6.35E-03 6.98E-04 2.01E-03 1.11E-04 9570.1 45.59 32.3 97.58 2.43E+01 162.70 0.85 0.52 4.02E-02 2.05E-04 8.10E-05 4.44E-06 162.70 0.52 1.21
8 4.30 1 1.24E-02 3.46E-04 1.24E-02 2.77E-03 1.23E-02 8.33E-04 2233.1 19.65 34.7 86.65 2.38E+01 159.84 1.64 1.03 3.64E-02 3.34E-04 4.47E-04 3.01E-05 159.84 1.06 1.60
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10 4.50 1 1.29E-02 3.15E-04 5.53E-03 3.03E-04 2.14E-03 9.41E-05 24787.8 101.47 76.9 97.44 2.43E+01 162.93 0.77 0.47 4.01E-02 1.82E-04 8.56E-05 3.76E-06 162.93 0.47 1.19
11 4.55 1 1.30E-02 4.09E-04 1.56E-02 1.66E-03 4.50E-03 4.28E-04 3883.5 25.02 81.1 94.75 2.42E+01 162.53 1.17 0.72 3.91E-02 2.71E-04 1.76E-04 1.67E-05 162.53 0.73 1.34
12 4.70 1 1.14E-02 3.78E-04 3.88E-02 3.50E-03 4.65E-03 6.43E-04 1777.0 16.26 83.0 94.66 2.46E+01 164.96 1.62 0.98 3.85E-02 3.69E-04 1.79E-04 2.47E-05 164.96 1.01 1.49
13 5.50 1 1.28E-02 4.55E-04 1.33E-01 3.54E-03 3.00E-03 2.72E-04 4148.9 28.93 87.4 96.50 2.47E+01 165.58 1.22 0.73 3.91E-02 2.83E-04 1.17E-04 1.06E-05 165.58 0.75 1.33
14 fuse 1 1.26E-02 3.26E-04 3.57E-02 1.13E-03 2.76E-03 1.74E-04 11740.7 53.91 100.0 96.83 2.51E+01 168.16 0.86 0.51 3.86E-02 1.90E-04 1.06E-04 6.68E-06 168.16 0.51 1.21
15 4.55 1 1.11E-02 2.24E-04 9.16E-03 1.21E-03 2.84E-03 2.57E-04 4216.6 24.85 67.6 96.63 2.43E+01 163.41 1.13 0.69 3.97E-02 2.46E-04 1.13E-04 1.02E-05 163.41 0.64 1.30
16 4.70 1 1.12E-02 3.48E-04 1.78E-02 2.82E-03 3.71E-03 6.22E-04 1809.2 15.38 70.8 95.70 2.47E+01 165.88 1.56 0.94 3.87E-02 3.41E-04 1.44E-04 2.41E-05 165.88 0.92 1.46
17 5.20 1 1.33E-02 5.03E-04 1.54E-02 1.73E-03 5.14E-03 6.33E-04 2954.5 22.53 76.0 94.08 2.44E+01 163.99 1.43 0.87 3.85E-02 3.07E-04 1.98E-04 2.44E-05 163.99 0.85 1.43
18 6.00 1 1.48E-02 7.07E-04 6.63E-02 6.22E-03 1.12E-02 1.23E-03 1675.9 15.19 78.9 87.99 2.44E+01 164.01 1.76 1.07 3.61E-02 3.40E-04 4.02E-04 4.42E-05 164.01 1.07 1.62
19 fuse 1 1.23E-02 2.39E-04 2.03E-02 4.96E-04 2.91E-03 1.64E-04 11974.2 57.88 100.0 96.61 2.47E+01 165.99 0.99 0.60 3.91E-02 1.98E-04 1.14E-04 6.41E-06 165.99 0.53 1.25
1 3.80 1 6.05E-02 5.37E-02 2.84E+00 8.32E-01 1.84E-01 1.15E-01 6.0 00.48 0.0 -159.23 -3.36E+01 -253.86 43.65 -17.19 4.71E-02 1.19E-02 8.68E-03 5.78E-03 -253.86 -16.02 -17.21
2 4.00 1 8.71E-03 8.05E-03 6.66E-01 1.16E-01 2.24E-02 1.65E-02 41.4 00.91 0.2 78.05 2.39E+01 160.95 6.55 4.07 3.28E-02 1.08E-03 7.35E-04 5.40E-04 160.95 4.23 4.29
3 4.10 1 1.04E-02 1.81E-03 1.54E-01 2.55E-02 2.38E-03 3.41E-03 206.7 04.67 1.2 97.09 2.37E+01 159.79 4.07 2.55 4.10E-02 1.04E-03 9.76E-05 1.40E-04 159.79 2.62 2.77
4 4.20 1 1.12E-02 1.01E-03 2.71E-02 1.24E-02 3.85E-03 1.80E-03 384.1 06.55 3.0 95.31 2.34E+01 157.86 2.98 1.89 4.07E-02 7.45E-04 1.57E-04 7.31E-05 157.86 1.92 2.20
5 4.30 1 1.13E-02 1.67E-04 6.46E-03 6.24E-04 1.43E-03 2.21E-04 8021.4 39.62 41.2 98.20 2.34E+01 157.78 1.07 0.68 4.20E-02 2.18E-04 6.02E-05 9.28E-06 157.78 0.53 1.28
6 4.33 1 1.18E-02 3.62E-04 1.35E-02 1.33E-03 8.50E-04 1.73E-04 3777.6 26.54 59.1 98.91 2.30E+01 155.13 1.30 0.84 4.31E-02 3.15E-04 3.66E-05 7.45E-06 155.13 0.74 1.37
7 4.35 1 1.04E-02 7.51E-04 3.85E-02 9.16E-03 1.99E-03 1.16E-03 547.0 07.46 61.7 97.58 2.40E+01 161.91 2.50 1.54 4.06E-02 6.12E-04 8.10E-05 4.70E-05 161.91 1.54 1.89
8 4.45 1 1.26E-02 6.64E-04 5.73E-02 6.99E-03 2.20E-03 9.57E-04 720.5 09.46 65.2 97.33 2.40E+01 161.74 2.33 1.44 4.06E-02 5.64E-04 8.94E-05 3.88E-05 161.74 1.43 1.81
9 4.70 1 1.09E-02 3.38E-04 2.49E-02 2.98E-03 1.28E-03 3.96E-04 1686.3 15.21 73.2 98.51 2.52E+01 169.60 1.70 1.00 3.91E-02 3.62E-04 4.99E-05 1.55E-05 169.60 0.94 1.48
10 5.20 1 1.09E-02 2.67E-04 2.73E-02 3.02E-03 6.00E-04 2.51E-04 2718.5 20.37 86.1 99.28 2.48E+01 166.95 1.45 0.87 4.00E-02 3.10E-04 2.40E-05 1.00E-05 166.95 0.78 1.38
11 6.20 1 1.34E-02 1.66E-03 3.18E-01 2.46E-02 9.82E-03 2.90E-03 235.3 03.22 87.2 88.94 2.36E+01 159.16 2.75 1.73 3.77E-02 5.85E-04 3.71E-04 1.09E-04 159.16 1.74 2.10
12 fuse 1 1.26E-02 4.33E-04 1.87E-02 1.87E-03 1.64E-03 2.65E-04 2683.7 20.31 100.0 98.06 2.48E+01 166.98 1.47 0.88 3.95E-02 3.09E-04 6.49E-05 1.05E-05 166.98 0.80 1.40
1 3.80 1 1.99E-02 2.20E-03 1.65E-01 3.01E-02 5.00E-02 4.27E-03 261.2 05.39 0.5 49.76 1.48E+01 100.80 4.88 4.84 3.37E-02 8.34E-04 1.68E-03 1.41E-04 100.80 4.97 5.31
2 3.90 1 1.14E-02 5.66E-04 8.93E-03 4.33E-03 8.75E-03 1.77E-03 1104.2 13.58 2.5 89.21 2.16E+01 145.44 2.13 1.47 4.13E-02 5.47E-04 3.61E-04 7.28E-05 145.44 1.48 1.89
3 4.00 1 1.31E-02 3.32E-04 2.26E-03 8.83E-04 2.75E-03 2.05E-04 5417.4 29.8 12.2 96.29 2.13E+01 143.68 0.97 0.67 4.51E-02 2.64E-04 1.24E-04 9.21E-06 143.68 0.61 1.30
4 4.03 1 1.33E-02 3.92E-04 4.24E-05 1.04E-03 6.90E-03 4.68E-04 4586.6 29.71 20.5 91.26 2.15E+01 144.78 1.14 0.79 4.24E-02 2.88E-04 2.93E-04 1.98E-05 144.78 0.74 1.42
5 4.05 1 1.22E-02 2.64E-04 3.46E-04 6.94E-04 3.48E-03 1.63E-04 6887.3 36.93 32.9 95.76 2.35E+01 157.32 1.02 0.65 4.08E-02 2.28E-04 1.42E-04 6.61E-06 157.32 0.58 1.29
6 4.08 1 1.23E-02 3.14E-04 2.72E-03 3.77E-04 1.76E-03 8.39E-05 13811.5 64.62 57.7 97.74 2.28E+01 152.99 0.89 0.58 4.29E-02 2.09E-04 7.57E-05 3.58E-06 152.99 0.50 1.24
7 4.09 1 1.23E-02 3.86E-04 1.45E-02 1.35E-03 1.93E-03 2.47E-04 4375.7 28.47 65.6 97.43 2.19E+01 146.98 1.10 0.75 4.46E-02 3.04E-04 8.62E-05 1.10E-05 146.98 0.70 1.33
8 4.15 1 1.45E-02 5.63E-04 4.28E-02 2.24E-03 2.84E-03 4.83E-04 2286.9 17.9 69.7 96.43 2.30E+01 154.18 1.38 0.90 4.20E-02 3.52E-04 1.20E-04 2.03E-05 154.18 0.87 1.43
9 4.40 1 1.23E-02 2.75E-04 1.45E-02 6.01E-04 1.93E-03 1.18E-04 9543.3 46.91 86.9 97.69 2.43E+01 162.78 0.99 0.61 4.02E-02 2.09E-04 7.74E-05 4.72E-06 162.78 0.53 1.25
10 4.60 1 1.29E-02 4.49E-04 2.03E-02 1.72E-03 4.98E-03 5.90E-04 3308.5 23.12 92.9 94.02 2.34E+01 156.67 1.29 0.82 4.03E-02 2.97E-04 2.00E-04 2.37E-05 156.67 0.78 1.40
11 5.00 1 1.21E-02 5.92E-04 8.38E-02 4.70E-03 1.03E-02 1.63E-03 1138.0 10.78 94.9 88.17 2.30E+01 154.45 1.84 1.19 3.83E-02 4.03E-04 3.96E-04 6.25E-05 154.45 1.19 1.70
12 5.80 1 1.23E-02 1.01E-03 7.13E-02 1.66E-02 1.30E-02 1.86E-03 580.4 08.46 96.0 86.05 2.39E+01 160.09 2.96 1.85 3.60E-02 5.89E-04 4.67E-04 6.68E-05 160.09 1.90 2.23





























% 40Ar* 40Ar*/39Ar Age   (Ma)




















1 3.80 1 9.11E-02 4.29E-03 5.41E-03 1.74E-02 4.61E-02 3.25E-03 321.7 06.42 1.3 50.10 1.38E+01 94.25 4.38 4.65 3.63E-02 8.67E-04 1.67E-03 1.15E-04 94.25 4.77 5.13
2 3.90 1 1.25E-02 8.09E-04 2.42E-03 8.38E-03 9.10E-03 1.50E-03 720.0 10.33 4.1 89.40 2.29E+01 153.86 2.61 1.69 3.90E-02 6.13E-04 3.55E-04 5.85E-05 153.86 1.76 2.07
3 4.00 1 1.29E-02 6.60E-04 9.29E-03 6.02E-03 1.32E-02 1.14E-03 964.3 11.52 8.0 85.34 2.29E+01 153.62 2.26 1.47 3.73E-02 4.84E-04 4.91E-04 4.21E-05 153.62 1.52 1.93
4 4.10 1 1.24E-02 2.91E-04 3.32E-03 9.21E-04 3.23E-03 2.95E-04 6554.1 35.41 34.0 95.82 2.21E+01 148.49 0.88 0.59 4.34E-02 2.45E-04 1.40E-04 1.28E-05 148.49 0.59 1.27
5 4.13 1 1.25E-02 4.24E-04 4.61E-03 1.73E-03 3.22E-03 4.99E-04 3493.7 24.31 47.9 95.78 2.19E+01 146.86 1.10 0.75 4.39E-02 3.19E-04 1.41E-04 2.19E-05 146.86 0.76 1.35
6 4.15 1 1.32E-02 7.11E-04 4.12E-03 3.98E-03 3.15E-03 6.43E-04 1516.1 15.93 53.9 96.01 2.26E+01 151.61 1.69 1.11 4.25E-02 4.68E-04 1.34E-04 2.73E-05 151.61 1.15 1.58
7 4.23 1 1.35E-02 5.21E-04 4.45E-03 2.55E-03 3.40E-03 4.82E-04 2277.0 19.7 62.9 95.63 2.22E+01 149.17 1.40 0.94 4.31E-02 3.97E-04 1.46E-04 2.07E-05 149.17 0.96 1.46
8 4.35 1 1.32E-02 5.87E-04 8.00E-03 2.47E-03 2.86E-03 4.49E-04 2356.4 23.52 72.3 96.18 2.15E+01 144.65 1.53 1.06 4.47E-02 4.66E-04 1.28E-04 2.01E-05 144.65 1.08 1.54
9 4.60 1 1.11E-02 3.93E-04 1.01E-03 3.24E-03 4.11E-03 6.31E-04 1726.9 16.19 79.2 94.90 2.28E+01 153.10 1.60 1.05 4.16E-02 4.24E-04 1.71E-04 2.62E-05 153.10 1.07 1.54
10 5.20 1 1.32E-02 3.36E-04 1.17E-03 2.66E-03 1.75E-02 9.04E-04 2276.6 19.7 88.2 80.54 2.16E+01 145.54 1.58 1.09 3.72E-02 3.35E-04 6.52E-04 3.32E-05 145.54 1.12 1.72
11 6.00 1 1.17E-02 3.89E-04 5.26E-03 2.71E-03 7.04E-03 8.26E-04 2229.2 19.64 97.0 91.63 2.30E+01 154.46 1.52 0.98 3.98E-02 3.68E-04 2.80E-04 3.28E-05 154.46 1.01 1.53
12 fuse 1 1.25E-02 8.53E-04 1.70E-02 7.83E-03 6.86E-03 1.27E-03 743.6 11.32 100.0 92.02 2.36E+01 158.30 2.71 1.71 3.90E-02 6.38E-04 2.67E-04 4.92E-05 158.30 1.78 2.07
1 3.8W 1 1.22E-02 2.08E-03 8.82E-02 3.22E-02 3.07E-03 4.43E-03 165.3 02.78 2.3 94.78 1.67E+01 112.58 3.62 3.22 5.70E-02 1.78E-03 1.75E-04 2.52E-04 112.58 3.30 3.42
2 3.9W 1 1.10E-02 7.26E-04 -1.98E-02 -9.60E-03 -1.34E-03 -1.31E-03 535.9 06.97 10.0 101.93 2.11E+01 141.74 2.23 1.57 4.82E-02 7.82E-04 -6.47E-05 -6.33E-05 141.74 1.59 1.89
3 3.95W 1 1.06E-02 5.93E-04 2.05E-02 6.74E-03 5.91E-04 8.99E-04 790.4 09.14 21.2 99.20 2.18E+01 145.75 1.93 1.32 4.56E-02 6.01E-04 2.69E-05 4.10E-05 145.75 1.33 1.71
4 3.975W 1 1.06E-02 5.53E-04 1.68E-02 6.64E-03 1.05E-05 9.16E-04 775.5 09.99 32.2 99.99 2.10E+01 141.00 2.02 1.43 4.76E-02 6.86E-04 4.99E-07 4.36E-05 141.00 1.44 1.79
5 4.0W 1 1.07E-02 9.64E-04 -1.47E-02 -1.28E-02 -7.97E-04 -1.76E-03 415.3 08.64 38.1 101.12 2.15E+01 143.97 3.17 2.20 4.71E-02 1.08E-03 -3.75E-05 -8.30E-05 143.97 2.26 2.45
6 4.05W 1 1.01E-02 6.90E-04 3.27E-02 8.54E-03 -1.12E-03 -1.16E-03 604.7 09.26 46.7 101.64 2.06E+01 138.57 2.36 1.70 4.93E-02 8.66E-04 -5.50E-05 -5.73E-05 138.57 1.73 2.00
7 4.1W 1 1.31E-02 1.05E-03 2.25E-02 7.28E-03 1.22E-03 1.04E-03 686.0 10.3 56.4 98.26 2.05E+01 137.76 2.29 1.66 4.79E-02 7.93E-04 5.84E-05 4.96E-05 137.76 1.68 1.99
8 4.15W 1 1.00E-02 6.76E-04 2.74E-03 8.34E-03 1.98E-05 1.12E-03 639.1 08.71 65.5 99.97 2.08E+01 139.37 2.12 1.52 4.81E-02 7.40E-04 9.53E-07 5.41E-05 139.37 1.54 1.86
9 4.2W 1 1.05E-02 3.75E-04 9.55E-03 4.75E-03 -8.36E-04 -6.00E-04 1160.1 11.74 82.0 101.18 2.15E+01 144.00 1.59 1.10 4.71E-02 5.18E-04 -3.94E-05 -2.83E-05 144.00 1.09 1.53
10 4.25W 1 9.74E-03 1.58E-03 7.83E-02 2.24E-02 3.43E-03 3.28E-03 223.6 04.98 85.2 95.46 2.15E+01 144.29 4.29 2.98 4.44E-02 1.30E-03 1.52E-04 1.45E-04 144.29 3.07 3.18
11 4.3W 1 1.13E-02 9.92E-04 -4.47E-03 -1.48E-02 4.03E-03 1.85E-03 371.8 04.51 90.4 94.60 2.11E+01 141.42 2.28 1.62 4.49E-02 6.96E-04 1.81E-04 8.32E-05 141.42 1.64 1.97
12 4.4W 1 1.09E-02 1.48E-03 8.44E-02 2.15E-02 8.98E-04 2.78E-03 250.0 06.08 94.0 98.68 2.01E+01 134.97 3.96 2.93 4.92E-02 1.47E-03 4.42E-05 1.37E-04 134.97 3.02 3.13
13 4.6W 1 1.12E-02 1.34E-03 7.71E-02 1.97E-02 -4.13E-03 -2.55E-03 262.0 03.63 97.7 106.01 2.18E+01 145.76 2.71 1.86 4.87E-02 9.81E-04 -2.01E-04 -1.24E-04 145.76 1.90 2.11
14 fuse 1 1.36E-02 2.29E-03 1.33E-01 3.34E-02 6.44E-03 4.52E-03 160.6 03.46 100.0 92.62 2.42E+01 161.26 5.34 3.31 3.83E-02 1.22E-03 2.47E-04 1.73E-04 161.26 3.44 3.51
1 3.80 1 1.88E-02 1.55E-03 6.71E-03 1.67E-02 5.35E-02 3.20E-03 395.9 06.01 0.7 52.06 1.74E+01 118.41 3.72 3.14 3.00E-02 5.06E-04 1.61E-03 9.37E-05 118.41 3.23 3.76
2 3.90 1 1.24E-02 5.57E-04 1.16E-02 5.10E-03 1.09E-02 8.78E-04 1210.2 12.76 2.8 86.22 2.03E+01 137.73 1.81 1.31 4.25E-02 4.91E-04 4.62E-04 3.71E-05 137.73 1.34 1.81
3 4.00 1 1.07E-02 3.09E-04 8.74E-03 2.77E-03 3.70E-03 4.12E-04 2388.8 18.97 7.0 94.96 2.08E+01 141.00 1.28 0.90 4.57E-02 3.92E-04 1.69E-04 1.88E-05 141.00 0.90 1.45
4 4.05 1 1.20E-02 2.11E-04 2.71E-03 4.37E-04 1.28E-03 7.63E-05 14134.5 61.09 31.7 98.19 2.07E+01 140.15 0.72 0.51 4.75E-02 2.19E-04 6.07E-05 3.62E-06 140.15 0.47 1.21
5 4.08 1 1.23E-02 3.78E-04 2.59E-03 1.16E-03 1.85E-03 1.96E-04 5526.1 32.41 41.3 97.41 2.08E+01 140.84 0.93 0.66 4.69E-02 2.92E-04 8.67E-05 9.19E-06 140.84 0.64 1.29
6 4.10 1 1.10E-02 2.43E-04 1.02E-02 1.82E-03 2.19E-03 2.68E-04 3636.8 22.05 47.7 96.95 2.07E+01 140.56 0.98 0.69 4.68E-02 3.06E-04 1.02E-04 1.25E-05 140.56 0.67 1.31
7 4.15 1 1.22E-02 2.32E-04 6.87E-03 4.87E-04 1.98E-03 1.49E-04 13672.5 59.79 71.6 97.17 2.03E+01 137.94 0.72 0.52 4.78E-02 2.22E-04 9.49E-05 7.14E-06 137.94 0.48 1.22
8 4.18 1 1.23E-02 3.86E-04 1.70E-02 1.56E-03 2.16E-03 2.44E-04 4109.0 25.46 78.7 96.97 2.07E+01 140.10 0.97 0.69 4.70E-02 3.07E-04 1.02E-04 1.15E-05 140.10 0.67 1.31
9 4.20 1 1.31E-02 6.78E-04 1.19E-02 3.29E-03 4.25E-03 5.78E-04 1877.1 15.49 82.0 94.12 2.03E+01 137.90 1.28 0.93 4.63E-02 4.05E-04 1.97E-04 2.67E-05 137.90 0.93 1.47
10 4.30 1 1.22E-02 2.77E-04 1.53E-02 1.04E-03 2.33E-03 1.68E-04 6201.0 35.42 92.9 96.72 2.05E+01 139.28 0.90 0.64 4.71E-02 2.81E-04 1.10E-04 7.90E-06 139.28 0.62 1.28






























% 40Ar* 40Ar*/39Ar Age   (Ma)




















12 4.70 1 1.19E-02 6.09E-04 5.73E-02 6.31E-03 6.66E-03 9.97E-04 1022.5 12.56 97.0 91.18 2.06E+01 139.61 2.01 1.44 4.43E-02 5.95E-04 2.95E-04 4.41E-05 139.61 1.47 1.86
13 5.50 1 1.05E-02 1.08E-03 6.23E-02 1.18E-02 6.70E-03 1.91E-03 544.9 10.02 97.9 90.97 2.02E+01 136.96 2.94 2.14 4.51E-02 9.08E-04 3.02E-04 8.59E-05 136.96 2.21 2.45
14 fuse 1 1.25E-02 5.32E-04 2.87E-01 7.57E-03 1.06E-02 8.71E-04 1193.1 12.74 100.0 86.79 2.07E+01 140.64 1.83 1.30 4.19E-02 4.84E-04 4.43E-04 3.63E-05 140.64 1.33 1.80
1 3.80 1 1.50E-02 7.85E-04 2.06E-02 7.59E-03 2.66E-02 2.37E-03 796.5 10.01 1.0 68.87 1.76E+01 118.66 2.33 1.97 3.92E-02 5.47E-04 1.04E-03 9.24E-05 118.66 2.02 2.52
2 3.90 1 1.36E-02 4.84E-04 1.01E-02 1.47E-03 3.95E-03 2.69E-04 4283.2 25.8 6.1 94.67 2.09E+01 140.53 0.96 0.68 4.53E-02 2.93E-04 1.79E-04 1.21E-05 140.53 0.68 1.32
3 3.95 1 1.28E-02 2.53E-04 4.14E-03 6.22E-04 2.37E-03 1.18E-04 10143.3 52.71 18.3 96.66 2.05E+01 137.99 0.79 0.57 4.71E-02 2.58E-04 1.12E-04 5.51E-06 137.99 0.57 1.25
4 3.98 1 1.30E-02 3.76E-04 2.58E-03 4.59E-04 1.90E-03 8.19E-05 15529.0 67.38 36.9 97.28 2.03E+01 136.78 0.68 0.50 4.78E-02 2.26E-04 9.10E-05 3.90E-06 136.78 0.49 1.21
5 4.00 1 1.23E-02 2.65E-04 3.54E-03 6.64E-04 2.34E-03 2.08E-04 9909.1 47.14 48.8 96.66 2.02E+01 136.04 0.74 0.54 4.78E-02 2.47E-04 1.12E-04 9.93E-06 136.04 0.53 1.24
6 4.03 1 1.22E-02 3.26E-04 3.23E-03 5.54E-04 1.96E-03 9.48E-05 11405.4 56.46 62.4 97.18 2.02E+01 135.85 0.74 0.54 4.81E-02 2.50E-04 9.43E-05 4.54E-06 135.85 0.53 1.23
7 4.05 1 1.31E-02 4.92E-04 1.43E-02 1.82E-03 4.35E-03 6.14E-04 3199.6 21.21 66.3 93.93 2.01E+01 135.23 1.01 0.75 4.67E-02 3.32E-04 2.03E-04 2.87E-05 135.23 0.76 1.37
8 4.10 1 1.28E-02 3.46E-04 5.35E-03 4.39E-04 2.48E-03 1.38E-04 16305.7 71.96 85.8 96.51 2.05E+01 137.80 0.69 0.50 4.71E-02 2.22E-04 1.17E-04 6.49E-06 137.80 0.49 1.22
9 4.15 1 1.22E-02 2.70E-04 7.83E-03 8.58E-04 2.18E-03 3.16E-04 7866.5 44.52 95.3 96.95 2.07E+01 138.96 0.86 0.62 4.69E-02 2.79E-04 1.02E-04 1.48E-05 138.96 0.61 1.27
10 4.25 1 1.11E-02 4.55E-04 3.22E-02 4.16E-03 2.48E-04 1.25E-03 1487.5 13.09 97.1 99.67 2.23E+01 149.23 1.39 0.93 4.48E-02 4.25E-04 1.11E-05 5.58E-05 149.23 0.95 1.42
11 4.50 1 1.16E-02 4.09E-04 3.76E-02 4.14E-03 2.40E-03 1.13E-03 1634.7 15.14 99.0 96.74 2.12E+01 142.53 1.44 1.01 4.56E-02 4.56E-04 1.09E-04 5.16E-05 142.53 1.03 1.50
12 fuse 1 1.36E-02 1.22E-03 8.86E-02 7.25E-03 7.04E-04 2.24E-03 823.4 09.75 100.0 99.03 2.15E+01 144.07 1.88 1.31 4.62E-02 6.16E-04 3.25E-05 1.04E-04 144.07 1.35 1.70
1 3.75 1 2.82E-02 2.73E-03 1.23E-01 2.52E-02 5.47E-02 4.89E-03 473.8 08.78 0.2 42.86 1.23E+01 83.89 3.99 4.76 3.50E-02 7.30E-04 1.91E-03 1.68E-04 83.89 4.86 5.39
2 3.80 1 1.38E-02 9.46E-04 2.55E-01 1.25E-02 2.65E-02 3.35E-03 652.5 09.01 0.6 68.42 1.72E+01 116.46 2.72 2.33 3.98E-02 6.56E-04 1.06E-03 1.33E-04 116.46 2.40 2.82
3 3.85 1 1.55E-02 7.26E-04 4.21E-01 1.09E-02 7.32E-03 7.91E-04 1648.2 14.24 1.4 90.81 2.16E+01 145.35 1.46 1.00 4.21E-02 3.92E-04 3.08E-04 3.32E-05 145.35 1.03 1.55
4 3.90 1 1.13E-02 3.23E-04 2.29E-01 7.14E-03 7.57E-03 8.33E-04 2613.5 19.32 2.7 90.04 2.05E+01 137.67 1.20 0.87 4.41E-02 3.52E-04 3.34E-04 3.67E-05 137.67 0.89 1.48
5 3.95 1 1.30E-02 4.68E-04 1.12E-01 2.73E-03 3.46E-03 3.82E-04 3411.4 25.05 4.4 95.33 2.11E+01 141.69 1.12 0.79 4.53E-02 3.47E-04 1.56E-04 1.73E-05 141.69 0.80 1.38
6 4.00 1 1.24E-02 3.44E-04 9.82E-02 2.65E-03 5.14E-03 3.53E-04 6708.1 36.53 7.7 93.01 2.04E+01 137.57 0.85 0.62 4.55E-02 2.61E-04 2.34E-04 1.60E-05 137.57 0.62 1.31
7 4.03 1 1.30E-02 2.60E-04 5.14E-02 1.53E-03 3.93E-03 2.06E-04 11420.3 55.8 13.4 94.70 2.10E+01 141.23 0.78 0.55 4.51E-02 2.33E-04 1.78E-04 9.28E-06 141.23 0.55 1.26
8 4.04 1 1.26E-02 3.47E-04 2.78E-02 7.23E-04 3.19E-03 2.46E-04 12185.8 57.06 19.5 95.60 2.07E+01 139.11 0.74 0.53 4.63E-02 2.32E-04 1.47E-04 1.14E-05 139.11 0.53 1.24
9 4.05 1 1.23E-02 2.65E-04 3.02E-02 1.44E-03 3.48E-03 3.14E-04 9544.5 46.92 24.3 95.20 2.06E+01 138.54 0.78 0.56 4.63E-02 2.45E-04 1.61E-04 1.45E-05 138.54 0.56 1.26
10 4.06 1 1.38E-02 4.71E-04 2.43E-02 8.24E-04 3.52E-03 3.08E-04 10202.0 50.66 29.3 95.17 2.08E+01 139.65 0.77 0.55 4.59E-02 2.36E-04 1.62E-04 1.41E-05 139.65 0.54 1.25
11 4.08 1 1.25E-02 3.06E-04 1.83E-02 4.91E-04 3.26E-03 1.81E-04 17899.1 81.96 38.3 95.51 2.07E+01 139.06 0.74 0.53 4.62E-02 2.30E-04 1.51E-04 8.33E-06 139.06 0.52 1.24
12 4.09 1 1.24E-02 2.45E-04 1.58E-02 8.01E-04 3.22E-03 3.06E-04 10015.9 50.21 43.3 95.58 2.08E+01 139.87 0.79 0.57 4.60E-02 2.46E-04 1.48E-04 1.41E-05 139.87 0.56 1.26
13 4.10 1 1.27E-02 3.31E-04 1.49E-02 7.21E-04 3.55E-03 2.59E-04 11565.1 54.78 49.0 95.10 2.06E+01 138.55 0.76 0.55 4.62E-02 2.36E-04 1.64E-04 1.20E-05 138.55 0.54 1.25
14 4.11 1 1.31E-02 4.90E-04 1.46E-02 9.48E-04 2.45E-03 2.77E-04 8126.7 40.59 53.1 96.66 2.12E+01 142.55 0.79 0.56 4.56E-02 2.42E-04 1.12E-04 1.26E-05 142.55 0.55 1.24
15 4.12 1 1.22E-02 2.69E-04 1.85E-02 1.15E-03 3.22E-03 3.88E-04 7510.8 39.12 56.8 95.57 2.07E+01 139.50 0.82 0.59 4.61E-02 2.58E-04 1.49E-04 1.79E-05 139.50 0.59 1.27
16 4.13 1 1.33E-02 3.21E-04 1.87E-02 1.16E-03 2.73E-03 3.25E-04 6904.1 36.22 60.3 96.31 2.13E+01 143.05 0.85 0.59 4.53E-02 2.56E-04 1.24E-04 1.47E-05 143.05 0.59 1.26
17 4.14 1 1.31E-02 3.24E-04 2.46E-02 1.31E-03 2.41E-03 3.79E-04 5927.2 36.48 63.2 96.72 2.12E+01 142.36 0.94 0.66 4.57E-02 2.93E-04 1.10E-04 1.73E-05 142.36 0.66 1.29
18 4.15 1 1.30E-02 2.78E-04 2.03E-02 1.20E-03 3.14E-03 4.40E-04 6958.1 39.41 66.7 95.73 2.10E+01 141.33 0.88 0.62 4.56E-02 2.71E-04 1.43E-04 2.01E-05 141.33 0.62 1.28
19 4.16 1 1.25E-02 3.33E-04 2.39E-02 1.48E-03 2.29E-03 4.12E-04 5427.5 32.2 69.4 96.88 2.12E+01 142.62 0.92 0.64 4.57E-02 2.85E-04 1.04E-04 1.88E-05 142.62 0.64 1.28
20 4.18 1 1.33E-02 4.53E-04 2.82E-02 2.28E-03 4.32E-03 8.09E-04 3516.3 25.22 71.1 94.23 2.10E+01 141.44 1.12 0.80 4.48E-02 3.41E-04 1.93E-04 3.62E-05 141.44 0.81 1.39
21 4.25 1 1.26E-02 3.15E-04 4.58E-02 1.37E-03 2.53E-03 2.51E-04 12509.4 59.92 77.4 96.50 2.09E+01 140.48 0.75 0.53 4.62E-02 2.34E-04 1.17E-04 1.16E-05 140.48 0.53 1.23
22 4.32 1 1.23E-02 3.29E-04 7.53E-02 1.50E-03 3.54E-03 4.33E-04 6074.7 32.81 80.4 95.16 2.08E+01 139.93 0.86 0.61 4.58E-02 2.67E-04 1.62E-04 1.98E-05 139.93 0.61 1.28
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24 4.75 1 1.25E-02 3.27E-04 1.42E+00 1.80E-02 4.74E-03 5.35E-04 5490.4 29.96 85.9 93.60 2.09E+01 140.26 0.86 0.61 4.52E-02 2.60E-04 2.14E-04 2.42E-05 140.26 0.61 1.30
25 5.25 1 1.41E-02 5.51E-04 9.58E-01 1.81E-02 9.01E-03 9.20E-04 2866.1 20.62 87.4 88.34 2.05E+01 137.74 1.15 0.83 4.34E-02 3.25E-04 3.91E-04 3.98E-05 137.74 0.85 1.47
26 6.00 1 1.34E-02 3.59E-04 2.85E-01 4.70E-03 8.37E-03 6.19E-04 5023.2 30.57 89.9 89.42 2.11E+01 142.12 1.00 0.71 4.24E-02 2.70E-04 3.54E-04 2.61E-05 142.12 0.71 1.39
27 fuse 1 1.29E-02 3.10E-04 1.21E-01 1.72E-03 3.12E-03 1.42E-04 20307.7 86.19 100.0 95.71 2.08E+01 139.77 0.70 0.50 4.61E-02 2.14E-04 1.44E-04 6.51E-06 139.77 0.49 1.23
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Photomicrograph 1: Sample FC-83, showing a primary garnet-
pargasite assemblage in the S2









Photomicrograph 2: Geochronology sample FC-90 showing 












APPENDIX C: PHOTOMICROGRAPHS OF GEOCHRONOLOGY 
SAMPLES
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Photomicrograph 4: Geochronology sample FC-37 showing phengite and 
chlorite in the S2
P fabric cross-cutting S1
P, with finer-grained phengite and 
chlorite. 
Photomicrograph 3: Geochronology sample FC-52C showing phengite and 
chlorite in the S2
G fabric, with albite. 
Chl
Ab
S2
G 
Wm + Chl
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